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Al t h ou g h som e p r og r ess h as b een r ep or t ed on st r u ct u r e- act i v i t y r e l at i on sh i p s (S AR s) for
i n h i b i t or s of m am m al i an P -g l y cop r ot ei n M D R effl u x p u m p s, t h er e i s a l m ost n ot h i n g i n t h e
l i t er at u r e r eg ar d i n g S AR s for i n h i b i t or s of an y b act er i a l effl u x p u m p . I n d eed , on l y a few of
t h ese h av e b een d escr i b ed . O u r d i scov er y of a p ot en t n at u r al l y occu r r i n g fl av on ol i g n an i n h i b i tor
of t h e N or A M D R p u m p of S tap h yl ococcu s au r eu s p r ov i d ed a st r u ct u r a l fou n d at i on u p on w h i ch
S AR s cou l d b e assessed v i a sy n t h et i c an al og u es. S ev er a l fl av on ol i g n an s w er e p r ep ar ed w h i ch
p r ov ed to h av e g r eat er p ot en cy t h an t h e n atu r al i sol at e, 5 !-m eth ox y h y d n ocar p i n -D , w h i l e ot h er s
sh ow ed d ecr eased p ot en cy . S u r p r i si n g l y , som e si m p l e a l k y l at ed fl av on es al so w er e q u i t e act i v e
M D R p u m p i n h i b i t or s. Var i ab i l i t y of act i v i t y am on g t h e com p ou n d s t est ed w as su ffi ci en t so
t h at at l east som e SAR s cou l d b e p ost u l at ed an d com p ar ed w i t h t h ose k n ow n for P -g l y cop r ot ei n .

I n t r oduct i on

M u l t i d r u g r esi st an ce (M D R ) r ep r esen t s an i n cr easi n g
p r ob l em i n t h e t r eat m en t of b act er i a l i n fect i on s an d
can cer . I t oft en ap p ear s aft er p r ol on g ed ex p osu r e of cel l s
to a si n g l e d r u g an d i s oft en ch ar act er i z ed b y r esi st an ce
to a ser i es of st r u ct u r a l l y u n r el at ed com p ou n d s.1 O n e
i m p or t an t r esi st an ce m ech an i sm i n v ol v es d r u g d ep l e-
t i on i n cel l s b y m em b r an e effl u x p r ot ei n s, for ex am p l e
P -g l y cop r ot e i n (P -g p ) i n m am m al i an cel l s,2 B m r i n
B aci l l u s su b t i l i s, an d N or A i n S tap h yl ococcu s au r eu s.3

Al t h ou g h n u m er ou s sm al l -m ol ecu l e i n h i b i t or s of P -g p
h av e b een r ep or t ed as w el l as som e st r u ct u r e- act i v i t y
r e l at i on sh i p s (S AR s) p ost u l at ed for t h ese i n h i b i t or s,
on l y a few i n h i b i t or s of b act er i a l M D R p u m p s ar e
k n ow n . T h e a l k a l oi d r eser p i n e an d som e am i d e an a-
l og u es w er e fou n d to i n h i b i t N or A i n S . au r eu s.4 ,5 S om e
t et r acy cl i n e an al og u es can i n h i b i t T et p r ot ei n effl u x
act i v i t y i n E sch er i ch i a col i .6 D i am i d e am i n es st r u ct u r -
a l l y r em i n i scen t of t h ose act i v e ag ai n st N or A5 i n h i b i t ed
P seu d om on as aer u g i n osa effl u x p u m p s.7 W e r ecen t l y
fou n d t w o p l an t -d er i v ed com p ou n d s, t h e fl av on ol i g n an
5 !-m et h ox y h y d n ocar p i n -D 8 (1) an d t h e p or p h y r i n p h eo-
p h or b i d e a,9 t o b e p ot en t i n h i b i t or s of t h e N or A M D R
effl u x p u m p i n S . au r eu s. W h i l e ex h i b i t i n g n o act i v i t y
t h em sel v es, 1 an d p h eop h or b i d e a p ot en t i at ed g r ow t h
i n h i b i t or y act i v i t y of t h e n at u r a l an t i b act er i a l a l k a l oi d
b er b er i n e (2 ), t h e fl u or oq u i n ol on e n or fl ox aci n (3), an d
t h e an t i sep t i c b en z a l k on i u m ch l or i d e (4) ag a i n st r esi s-
t an t S . au r eu s. A n u m b er of h y d n ocar p i n -t y p e fl av on -
ol i g n an s w er e sy n t h esi z ed 1 0 for st r u ct u r e d et er m i n at i on
p u r p oses, an d t h ese w er e a l so fou n d to ex h i b i t a r an g e
of act i v i t y as p ot en t i ator s of b er b er i n e act i v i t y . W e
r ep or t h er e t h e i n h i b i t i on act i v i t i es of t h ose sy n t h et i cs

(F i g u r e 1 ) as w el l as t h ose of an ex t en d ed ser i es of
r e l at ed com p ou n d s an d si m p l e fl av on es (F i g u r e 2 ).

Chemi st r y

S y n t h et i c fl av on ol i g n an s (1, 5 , 6, 8 - 12 , 14) w er e
p r ep ar ed b y r eact i on of a com m er ci a l cat ech ol i c fl av on e
w i t h a l i g n an (con i fer y l a l coh ol or an an al og u e) v i a
r ad i ca l cou p l i n g .1 0 - 1 2 S y n t h eses of 1, 5 , an d 6 w er e
r ep or t ed p r ev i ou sl y .1 0 O n e of t h e cou p l i n g s w as i n i t i at ed
w i t h h or ser ad i sh p er ox i d e (H R P ) an d t h e ot h er s w i t h
Ag 2 C O 3 . T h ese m et h od s t y p i ca l l y g av e d i ffer en t r eg i o-
sel ect i v i t i es as d escr i b ed 1 0 for t h e p r ep ar at i on of 1 an d
5 . T h e Ag 2 C O 3 r eact i on s y i e l d ed a m i x t u r e h av i n g t h e
m ajor p r od u ct w i t h t h e D r i n g i n t h e Òd ow n Óp osi t i on
(e.g . 1) an d t h e H R P r eact i on s w i t h t h at r i n g i n t h e Òu p Ó
p osi t i on (e.g . 5 ). Yi e l d s w er e n ot op t i m i z ed i n an y of t h e
r eact i on s.

S y n t h eses of 7, 8 , an d 18 ar e ex em p l ar y (S ch em e 1 ).
A fl av on ol i g n an i sol at ed fr om t h e p l an t O n op or d on
cor ym b osu m w as assi g n ed st r u ct u r e 8 an d g i v en t h e
n am e 5 !!-m et h ox y h y d n ocar p i n .1 3 T h er e w er e n o d at a
p r esen t ed w h i ch w ou l d d i st i n g u i sh 8 fr om i t s r eg i oi so-
m er 7. H y d n ocar p i n i t se l f h ad act u a l l y ear l i er b een
sh ow n 1 4 t o b e t h e r eg i oi som er 5 an d n ot 6, so t h e n am e
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5 !!-m et h ox y h y d n ocar p i n w ou l d n ot h av e b een v a l i d for
8 . U n d er ou r su g g est ed n om en cl at u r e sy st em ,1 0 7 w ou l d
b e 5 !!-m et h ox y h y d n ocar p i n an d 8 w ou l d b e 5 !!-m et h ox y -
h y d n ocar p i n -D . W h i ch st r u ct u r e r ep r esen t ed t h e act u al
p l an t i sol at e1 3 i s n ot d et er m i n ab l e w i t h ou t an au t h en t i c
sam p l e, w h i ch w as u n av ai l ab l e. O u r st r u ctu r es for 7 an d
8 w er e v er i fi ed b y H M B C N M R .1 0

F l av on ol i g n an 13 (si n a i t i ci n ) h ad b een i sol at ed fr om
Ver b ascu m si n a i t i cu m an d i t s st r u ct u r e con fi r m ed b y
I N E P T N M R .1 5 I n ou r h an d s, a r eg i op u r e sam p l e of 13
cou l d n ot b e ob t a i n ed v i a H R P i n i t i a t i on , b u t on l y a 3 :2
13/14 m i x t u r e. R eg i op u r e 14 w as ob t a i n ed v i a Ag 2 C O 3

i n i t i a t i on an d t h e r eg i och em i st r y v er i fi ed b y H M B C
N M R .1 0 A sy n t h esi s of si n a i t i ci n (13) w as r ecen t l y
r ep or t ed ,1 6 b u t n o ev i d en ce w as g i v en w h i ch w ou l d
d i st i n g u i sh t h e p r od u ct fr om i som er 14 an d a r eq u est
for a sam p l e w as n ot an sw er ed .

T h e cou p l i n g of con i fer y l a l coh ol t o an A r i n g cat -
ech ol i c fl av on e p r oceed ed w i t h r eg i osp eci fi ci t y , u n l i k e
t h ose ex em p l i fi ed b y S ch em e 1 . T h e 5 -O H an al og u es of
18 an d 19 ar e k n ow n as scu t el l ap r ost i n A an d B ,
r esp ect i v e l y , an d w er e i sol at es fr om S cu tel l ar i a p r os-
t r ata .1 7 B ot h scu t el l ap r ost i n s w er e al so r ep or t ed l y sy n -
t h esi z ed as p u r e r eg i oi som er s v i a si m i l ar cou p l i n g
r eact i on s an d Ag 2 O .1 7

A few fl av an ol i g n an s ar e a l so k n ow n as n at u r a l
p r od u ct s. F or ex am p l e, (- )-si l an d r i n (a l so k n ow n as
3 -d eox y i sosi l y b i n ) w as i sol at ed fr om S i l yb u m m ar i an u m
an d w as al so sy n t h esi z ed .1 8 W e p r ep ar ed t h e D r i n g
Òd ow n Ó i som er , r ac-si l an d r i n -D (15 ) for t est i n g , w h i l e
t h e cor r esp on d i n g 5 !-m et h ox y d er i v at i v e 16 w as av a i l -
ab l e fr om p r ev i ou s sy n t h et i c w or k .1 0 An ex t r act of
S i l i b u m m ar i an u m , k n ow n as si l y m ar i n , i s com m er i -
ca l l y av a i l ab l e an d w as r ecr y st a l l i z ed fr om m et h an ol t o
y i el d an ap p r ox i m at el y 5 0 :5 0 m i x t u r e of si l y b i n d i ast er -
eom er s 17 (t h e ot h er d i ast er eom er h as t h e a l t er n at e
t r an s st er eoch em i st r y of su b st i t u en t s on t h e b en zod i ox -
an e r i n g ). T h e ch al con e 2 0 an d i t s p r ecu r sor 2 1,
i n t er m ed i at es i n t h e sy n t h esi s1 0 of 15 an d 1, w er e a l so
av a i l ab l e.

F i gu r e 1. F l av on ol i g n an s t est ed as i n h i b i t or s of t h e S . au r eu s M D R effl u x p u m p N or A.

Fi gu r e 2 . F l av on es t est ed as i n h i b i t or s of t h e S . au r eu s M D R
effl u x p u m p N or A.
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S om e com m er ci a l l y av a i l ab l e fl av on es w er e t est ed
w i t h v ar y i n g r esu l t s. Act i v i t y i n a few , com b i n ed w i t h
t h e r esu l t s on som e r i n g A d eox y com p ou n d s, su g g est ed
t h e p r ep ar at i on an d t est i n g of 4 !-h y d r ox y fl av on e (33)
i n com p ar i son w i t h som e al k y l at ed d er i v at i v es 2 2 an d
34- 40, si m p l y p r ep ar ed fr om b ase-cat a l y z ed r eact i on
of 33 w i t h sev er a l a l k y l b r om i d es.

B i ologi cal Assays

Cel l Cul tur ing and Suscept ibi l i t y Test ing. G row th
of b act er i a an d su scep t i b i l i t y m easu r em en t s w er e p er -
for m ed accor d i n g to t h e N at i on al C en t er for C l i n i ca l
L ab or ator y S t an d ar d s r ecom m en d at i on s. S . au r eu s
R N 4 2 2 2 8 w er e cu l t u r ed i n M u el l er - H i n ton (M H ) b r ot h
ov er n i g h t w i t h aer at i on at 3 7 ¡C . C el l s w er e t h en
i n ocu l at ed i n to fr esh M H m ed i u m at a 1 :1 0 d i l u t i on an d
w er e a l l ow ed to g r ow for 1 h . T h i s su sp en si on w as
d i l u t ed 1 :2 0 0 0 i n to M H b r ot h an d 0 .0 5 m L w as d i s-
p en sed p er w el l of m i cr ot i t er p l at es. F or m easu r em en t s
of d i r ect an t i m i cr ob i a l act i v i t y , t est su b st an ces w er e
ser i a l l y d i l u t ed 2 -fol d i n t h e w el l s. T h e fi n a l v ol u m e of
a w el l w as 0 .2 m L , an d t h e cel l con cen t r at i on w as 1 0 5 /
m L . M I C w as d efi n ed as a con cen t r at i on of an an t i m i cro-
b i a l t h at com p l et e l y p r ev en t ed cel l g r ow t h d u r i n g an
1 8 -h i n cu b at i on at 3 7 ¡C . G r ow t h w as assay ed w i t h a
m i cr ot i t er p l at e r ead er (B i or ad ) b y ab sor p t i on at 6 0 0
n m . T est s for M D R i n h i b i t or y act i v i t y w er e d on e si m i -
l ar l y , b u t w i t h b er b er i n e p r esen t at a su b i n h i b i t or y
con cen t r at i on (3 0 µg /m L , 1 /8 M I C ) t h r ou g h ou t . T h e t est
su b st an ce w as t h en ser i a l l y d i l u t ed 2 -fol d , an d M I C for
t est su b st an ces w as t h en d efi n ed as t h ei r m i n i m al
con cen t r at i on t h at com p l et e l y i n h i b i t ed cel l g r ow t h i n
t h e p r esen ce of 3 0 µg /m L b er b er i n e. M I C v al u es (T ab l es
1 an d 2 ) cou l d v ar y w i t h i n a factor of 2 .

Resu l t s and Di scussi on

B i oassay r esu l t s ar e su m m ar i z ed for fl av on ol i g n an s
(T ab l e 1 ) an d fl av on es (T ab l e 2 ). N on e of com p ou n d s

sh ow ed i n d ep en d en t act i v i t y (w i t h n o b er b er i n e p r esen t )
ag a i n st S . au r eu s, ex cep t fl av on ol i g n an 18 an d fl av on e
34, w h i ch w er e on l y v er y w eak l y act i v e (M I C ) 1 2 5 µg /
m L ). M an y com p ou n d s w er e, h ow ev er , sy n er g i st i c (som e
v er y p ot en t l y so) w i t h a su b i n h i b i t or y con cen t r at i on of
b er b er i n e (2 ). A n u m b er of t h e t est ed fl av on ol i g n an s (6,
6a, 9, 10, 10a, 18 , 19) w er e as p ot en t as or m or e p ot en t
(< 2 µg /m L ) t h an t h e n at u r a l p r od u ct 1. F l av on ol i g n an s
w i t h an d w i t h ou t fr ee p h en ol i c g r ou p s at t h e 5 an d 7
p osi t i on s w er e com p ar ab l y act i v e (6, 9, 10, 18 , 19),
al t h ou g h t h e m ost p ot en t , 9, com p l et el y l ack s A r i n g O H
g r ou p s. T h e p ot en cy of p er acet at e d er i v at i v es (6a, 10a,
15 a) w as ap p r ox i m at el y t h e sam e as th at of t h ei r p ar en t
com p ou n d s. T h ese p er acetat es cou l d b e i n h er en t l y act i v e
or , p er h ap s l ess l i k e l y , d eacet y l at ed b y S . au r eu s an d
h en ce con si d er ed Òp r od r u g s.Ó T h e p r esen ce of a 3 -h y -
d r ox y g r ou p r esu l t ed i n m ar k ed l y d ecr eased act i v i t y (11)

Scheme 1. E x am p l es of F l av on ol i g n an S y n t h eses

Table 1. M i n i m u m I n h i b i t or y C on cen t r at i on of F l av on ol i g n an s
T h at I n h i b i t G r ow t h of S . au r eu s i n t h e P r esen ce of
S u b i n h i b i t or y (3 0 µg /m L ) B er b er i n e, 2

com p d
M I C

(µg /m L ) com p d
M I C

(µg /m L ) com p d
M I C

(µg /m L )

1 1 - 2 10 0 .8 16 1 .9
5 3 .1 10a 1 .6 17 1 2 .5
6 0 .1 11 1 6 3 18 1 .9
6a 0 .1 12 , 12 a i n act i v e 19 0 .6
7 7 .8 14 i n act i v e 2 0, 2 1 i n act i v e
8 4 - 8 15 3 .1
9 0 .0 8 15 a 1 .6

Table 2 . M i n i m u m I n h i b i t or y C on cen t r at i on of F l av on es T h at
I n h i b i t G r ow t h of S . au r eu s i n t h e P r esen ce of S u b i n h i b i t or y
(3 0 µg /m L ) B er b er i n e, 2

com p d
M I C

(µg /m L ) com p d
M I C

(µg /m L ) com p d
M I C

(µg /m L )

2 2 6 .3 30 2 5 37 6 .3
2 3 6 .3 31- 33 i n act i v e 38 2 5
2 4 1 5 34 0 .4 39, 40 i n act i v e
2 5 - 2 8 a i n act i v e 35 1 .9
2 9 2 5 36 1 .6
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or n o act i v i t y (12 , 12 a) i n fl av on e-d er i v ed sy st em s. I n
t h e case of t h e on e 3 -h y d r ox y fl av an on e w e t est ed , si l y b i n
(17), p ot en cy w as, h ow ev er , st i l l fa i r l y h i g h .

I n con t r ast t o t h e case of A r i n g su b st i t u t i on , som e
ch an g es on t h e D r i n g p l ay ed an i m p or t an t r ol e. T h e
m ajor i t y of fl av on ol i g n an s h ad 3 -m et h ox y -4 -h y d r ox y
su b st i t u t i on an d w er e q u i t e act i v e, w h i l e 3 ,5 -d i m eth ox y -
4 -h y d r ox y D r i n g su b st i t u t ed com p ou n d s (7, 8 ) w er e
sl i g h t l y l ess act i v e. O n t h e ot h er h an d , 14, w i t h on l y
4 -h y d r ox y su b st i t u t i on on r i n g D w as, p er h ap s r em ar k -
ab l y , com p l et e l y i n act i v e. T h e r eg i och em i st r y of t h e D
r i n g b en zod i ox an e r i n g fu si on i n t h e fl av on ol i g n an s w as
i m p or t an t i n on e case w h er e w e w er e ab l e t o com p ar e
i som er s (5 v s 6), b u t n ot i n an ot h er case (7 v s 8 ). T h e
t w o scu t el l ap r ost i n an al og u es 18 an d 19 w er e b oth q u i t e
act i v e, so i n t h i s sy st em H v s O H i n r i n g B i s n ot cr i t i cal .
T w o sy n t h et i c i n t er m ed i at es, ch al con e 2 0 an d i t s p r e-
cu r sor 2 1, w er e i n act i v e.

M ost of t h e com m er ci a l l y av a i l ab l e si m p l e fl av on es
(F i g u r e 2 an d T ab l e 2 ), esp eci a l l y t h ose w i t h fr ee
p h en ol i c g r ou p s or as p er acet at es, h ad l i t t l e or n o
act i v i t y (2 6, 2 6a, 2 7, 2 8 , 2 8 a, 2 9, 32 ). L u t eol i n (2 6),
w h i ch w as t h e fl av on e m ost oft en u sed for p r ep ar at i on
of fl av on ol i g n an s (S ch em e 1 ), w as n ot act i v e, n or w as
con i fer y l a l coh ol , oft en u sed as t h e cou p l i n g p ar t n er
(Sch em e 1 ) w i t h t h e cat ech ol i c fl av on es. F l av on es d ev oi d
of B r i n g su b st i t u t i on (ch r y si n (2 9) an d i t s d i m et h y l
et h er 30) as w el l as t w o d ev oi d of su b st i t u t i on on t h e A
r i n g (2 2 an d 2 3) h ad m od er at e act i v i t y . D i osm et i n (2 4),
w h i ch i s t h e 4 ! m et h y l et h er of t h e i n act i v e l u t eol i n , w as
su r p r i si n g l y act i v e (1 5 µg /m L ). T h e r el at i v e l y h i g h
act i v i t y of 2 2 - 2 4 su g g est ed t h at 4 !-a l k y l at i on m i g h t b e
of i m p or t an ce an d l ed to t h e sy n t h esi s of v ar i ou s et h er s
of 4 !-h y d r ox y fl av on e (33). W h i l e 33 w as i n act i v e, d er i v a-
t i v es w i t h sm al l l i p op h i l i c a l k y l at ed si d e ch ai n s (34-
38 ) w er e q u i t e act i v e. As l i p op h i l i ci t y w as i n cr eased ,
h ow ev er , act i v i t y w as com p l et e l y l ost (39, 40). T h e
d i ffer en ce b et w een 33 an d 34 i s p ar t i cu l ar l y st r i k i n g .
T h e i m p or t an ce of m ai n t a i n i n g l i p op h i l i ci t y at t h e 4 !
car b on w as al so d em on st r at ed b y t h e d ecr eased act i v i t y
for 38 as com p ar ed to 34. B ecau se of t h e p ot en cy of 34-
36 an d t h ei r si m p l i fi ed st r u ct u r es as com p ar ed to t h e
fl av on ol i g n an s, t h ey w er e a l so t est ed ag a i n st a m u t an t
S . au r eu s st r a i n l ack i n g N or A. T h ey d i d n ot p ot en t i at e
t h e act i v i t y of n or fl ox aci n ag a i n st t h e m u t an t , as w as
si m i l ar l y t h e case for t h e fl av on ol i g n an 1, t h u s i n d i cat -
i n g t h at t h e act i v i t i es for 34- 36 ag ai n st t h e w i l d -t y p e
S . au r eu s w er e i n d eed d u e to N or A i n h i b i t i on .

I t i s of i n t er est t o com p ar e t h ese S . au r eu s N or A
i n h i b i t or s w i t h som e i n h i b i t or s of t h e m am m al i an M D R
P -g p effl u x p r ot ei n s. An y i n h i b i t or of a m i cr ob i a l M D R
p u m p d ev el op ed for t h er ap eu t i c u se sh ou l d n ot affect
P -g p , w h i ch p l ay s a r ol e i n x en ob i ot i c effl u x of n or m al
t i ssu es. S AR s of ex i st i n g i n h i b i t or s w i l l h e l p i n d esi g n -
i n g t h er ap eu t i c com p ou n d s t h at sp eci fi ca l l y i n h i b i t
m i cr ob i a l M D R p u m p s b u t n ot P -g p . A com p ar i son of
S AR s of t h ese t w o d i ffer en t p r ot ei n s, N or A b el on g i n g
to t h e m ajor faci l i t a t or fam i l y of t r an sp or t er s an d P -g p
b ei n g a m em b er of t h e AB C fam i l y , m i g h t sh ed l i g h t on
som e g en er al p r i n ci p l es of d r u g b i n d i n g an d r ecog n i t i on
b y m u l t i d r u g p u m p s. An ex t r em el y w i d e v ar i et y of
st r u ct u r a l l y u n r el at ed P -g p i n h i b i t or s i s k n ow n ,1 9 b u t
as h as b een p oi n t ed ou t ,2 0 P -g p n ev er t h el ess Òd i sp l ay s
a si g n i fi can t sen si t i v i t y t o st r u ct u r a l ch an g es w i t h i n a

p ar t i cu l ar ser i es of com p ou n d sÓ. T h i s seem s to b e t r u e
for S . au r eu s N or A i n h i b i t or s as w el l si n ce t h e d at a
(T ab l es 1 an d 2 ) sh ow v er y cl ear S AR s am on g fa i r l y
cl osel y r e l a t ed com p ou n d s, ev en t h ou g h t h e ot h er
n at u r a l i n h i b i t or w e d i scov er ed 9 w as t h e st r u ct u r a l l y
com p l et e l y u n r el at ed p or p h y r i n p h eop h or b i d e a. A cy -
an ob act er i u m p or p h i n oi d w as al so r ep or t ed to b e a P -g p
i n h i b i t or .2 1 I t i s p ossi b l e t h at t h ese effect s i n P -g p st em
fr om t h e fact t h at P -g p h as b ot h AT P -b i n d i n g an d
st er oi d -i n t er act i n g si t es,2 2 ,2 3 or on e l ar g e b i n d i n g si t e
w i t h a n u m b er of d i st i n ct su b p ock et s.2 4 T h ese si t es or
su b p ock et s i n P -g p an d N or A cou l d i n t er act d i ffer en -
t i a l l y w i t h st r u ct u r a l l y v er y d i v er se i n h i b i t or s. A p r ev i -
ou sl y k n ow n n at u r a l l y occu r r i n g i n h i b i t or of N or A w as
t h e i n d ol e a l k a l oi d r eser p i n e, w h i l e an act i v e n i t r oi n -
d ol e, a b i ar y l u r ea, an d ot h er i n h i b i t or s w er e fou n d b y
ch em i cal l i b r ar y scr een i n g .5 O n e st u d y 2 5 h as g en et i cal l y
com p ar ed a b act er i a l -r esi st an ce p r ot ei n (L m r A i n L ac-
tob aci l l u s l act i s) w i t h t h e P -g p g en e. I n on e case w h er e
som e d i ar y l p ep t i d e b act er i a l effl u x p u m p i n h i b i t or s
w er e t est ed for P -g p i n h i b i t or y act i v i t y , t h ey p r ov ed
i n act i v e.7

T h er e h av e b een a few SAR st u d i es on P -g p i n h i b i t or s
w h i ch can b e com p ar ed w i t h t h e p r esen t r esu l t s. M ost
cl osel y r el at ed to t h e p r esen t w or k w er e st u d i es on som e
n at u r a l fl av on oi d s,2 6 som e sy n t h et i ca l l y m od i fi ed fl a-
v on oi d d er i v at i v es,2 7 an d som e h al og en at ed ch al con es.2 8

T h ese p ap er s a l so p r ov i d e an en t r an ce i n to ex t en si v e
l i t er at u r e i n t h i s ar ea. Am on g t h e n at u r a l fl av on oi d s,
k aem p fer i d e (3 ,5 ,7 -t r i h y d r ox y -4 !-m et h ox y fl av on e) w as
fou n d to b e m ost act i v e, w h i l e k aem p fer ol (3 ,5 ,7 ,4 !-
t et r ah y d r ox y fl av on e) an d ch r y si n (2 9) w er e l ess so.2 6

T h e r ev er se occu r r ed w i t h N or A i n h i b i t i on (T ab l e 2 ),
w i th ch r y si n b ei n g th e m ost act i v e fol l ow ed b y k aem p fer -
i d e (1 0 0 µg /m L ). T h e l at t er t w o fl av on es h av e 3 -O H
su b st i t u en t s, w h i ch w er e su g g est ed 2 6 t o b e v a l u ab l e for
P -g p i n h i b i t i on , w h i l e w e fou n d su ch su b st i t u t i on to b e
d et r i m en t a l t o N or A i n h i b i t i on (11, 12 ). Act i v e M D R
m od u l ator s of h u m an l eu k em i a cel l s w er e r ep or t ed 2 9 t o
d i sp l ay t w o or m or e l i p op h i l i c r i n g sy st em s sep ar at ed
b y a l i n k er con t a i n i n g a b asi c n i t r og en . As a r esu l t of
st u d i es on som e v er ap am i l an a l og u es, i t w as con cl u d ed
th at b esi d es ov er al l l i p op h i l i ci t y , w eak p ol ar i n t er act i on s
p r ov i d ed b y ov er l ap p i n g of ar om at i c r i n g s w er e v al u ab l e
for b i n d i n g M D R -r ev er t i n g ag en t s to P -g p .3 0 T h e i m -
p or t an ce of a b asi c n i t r og en atom for b est P -g p -m ed i at ed
effl u x w as a l so affi r m ed b y som e st u d i es on act i v e
t et r ah y d r oi soq u i n ol i n es, b u t h er e h i g h m ol ar r efr act i v -
i t y v a l u es w er e con si d er ed to b e m or e i m p or t an t t h an
l i p op h i l i ci t y .3 1 S om e n at u r a l fl av on es w er e m od i fi ed b y
at t ach i n g su b st i t u t ed N -b en z y l p i p er az i n y l si d e ch ai n s
to t h e 5 - an d 7 -O H g r ou p s.2 7 S ev er a l of t h ese w er e q u i t e
p ot en t , b u t i t w as a l so fou n d t h at act i v i t y d ep en d ed n ot
on l y on t h ese su b st i t u en t s b u t a l so on t h e t y p e of
fl av on oi d m oi et y an d th e n atu r e of su b st i t u en t s on oth er
p ar t s of t h e fl av on oi d . Acy l at i on of t h e 7 -O H w as v er y
i m p or t an t si n ce d er i v at i v es w i t h a fr ee 7 -O H w er e
d ev oi d of act i v i t y , as w as t h e p ar en t d i osm et i n (2 4). I n
t h e case of N or A i n h i b i t i on , h ow ev er , p r esen ce of a 7 -O H
d i d n ot n eg at e act i v i t y , a l t h ou g h t h e m ost p ot en t
com p ou n d s i n b ot h t h e fl av on ol i g n an an d fl av on e ser i es
l ack ed an y O H g r ou p s i n r i n g A. D i osm et i n i t se l f w as
a l so q u i t e act i v e ag a i n st N or A. R ep l acem en t of t h e
fl av on e r i n g b y a fl av an on e d i d n ot m ar k ed l y al t er M D R -
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m od u l at i n g effi ci en cy ,2 7 an d t h i s w as t r u e i n ou r fl a-
v on ol i g n an ser i es as w el l (15 - 17). T h e on e ch al con e w e
t est ed , 2 0, w as i n act i v e ag a i n st N or A, w h i l e sev er a l
w er e fou n d 2 8 t o h av e h i g h -affi n i t y b i n d i n g to P -g p . T h e
m ost act i v e i n t h at case w as 2 !,4 !,6 !-t r i h y d r ox y -4 -i od o-
ch al con e. T h e w or k i n g en er a l sh ow ed an i m p or t an ce
for l i p op h i l i ci t y at C -4 , w i t h a 4 -O M e g r ou p con fer r i n g
h i g h er act i v i t y t h an a 4 -O H g r ou p an d i n cr easi n g
act i v i t y i n t h e seq u en ce 4 -C l /4 -B r /4 -I . T h i s i s p ar t i a l l y
m i r r or ed b y ou r r esu l t s (T ab l e 2 ) w i t h si m p l e fl av on es,
a l t h ou g h h er e p r esen ce of a fr ee 4 !-O H (w h i ch cor r e-
sp on d s to t h e 4 -O H i n ch al con es) com p l et e l y n eg at es
M D R i n h i b i t i on act i v i t y . I n a sy n t h esi s of a com p l ex
n at u r a l p r od u ct , n i n g a l i n B (w h i ch con t a i n s fou r p h e-
n ol i c g r ou p s), a sy n t h et i c t et r am et h ox y i n t er m ed i at e
p r ov ed to h av e act i v i t y ag a i n st P -g p a l t h ou g h n i n g a l i n
B d i d n ot .3 2 An i n t er m ed i at e b ear i n g a car b ox y l i c aci d
w as i n act i v e, b u t t h e cor r esp on d i n g m et h y l est er w as
act i v e. T h e p r esen ce/ab sen ce of aci d i c fu n ct i on s (ei t h er
p h en ol i c or as a car b ox y l i c aci d ) t h u s seem s to som e-
t i m es h av e m ar k ed i n fl u en ce on t h e p ot en cy of M D R
i n h i b i t or s i n b ot h t h e b act er i a l N or A an d m am m al i an
P -g p sy st em s. I n su m m ar y , w e h av e fou n d b ot h ov er a l l
st r u ct u r a l si m i l ar i t i es b et w een som e i n h i b i t or s of t h ese
t w o effl u x p u m p p r ot ei n s b u t a l so d i ffer en ces i n effect s
r el at ed to ch an g es of fu n ct i on al g r ou p s. T h e fl av on ol i g -
n an 1 w as al so t est ed as an i n h i b i t or ag ai n st t h e G r am -
n eg at i v e b act er i a E . col i an d P . aer u g i n osa b u t w as
i n effect i v e.

Conclusi ons

S om e p ot en t p ot en t i ator s of an t i m i cr ob i a l act i v i t y ,
w h i ch ap p ar en t l y act b y i n h i b i t i on of t h e S . au r eu s M D R
effl u x p u m p p r ot ei n N or A, h av e b een fou n d . T h e r an g e
of act i v i t es d i scov er ed h av e p r ov i d ed S AR s w h i ch , i n
com p ar i son w i t h som e S AR s k n ow n for P -g p i n h i b i t or s,
p r ov i d e i n for m at i on w h i ch cou l d b e u sefu l for u n d er -
st an d i n g i n h i b i t or /N or A i n t er act i on s. F u r t h er sy st em -
at i c st u d i es of b act er i a l M D R effl u x p u m p i n h i b i t or s
sh ou l d p r ov e v a l u ab l e i n h el p i n g to u n d er st an d an d
com b at an t i b i ot i c r esi st an ce.3 3

Ex per i men t al Sect i on

Gener al Ex per i men t al Pr ocedu r es. 1 H an d 1 3 C N M R
sp ect r a w er e r ecor d ed at 2 5 ¡C on a Var i an I n ov a sp ect r om et er
at 4 0 0 an d 1 0 0 M H z , r esp ect i v e l y , u si n g C D C l 3 , aceton e-d 6 ,
m et h an ol -d 4 , or D M S O -d 6 as t h e sol v en t an d i n t er n a l r efer -
en ce. M el t i n g p oi n t s w er e d et er m i n ed on a L ab or ator y D ev i ceÕs
M el -T em p an d ar e u n cor r ect ed . Al l sol v en t s w er e d i st i l l ed p r i or
to u se. T H F w as fr esh l y d i st i l l ed fr om b en zop h en on e-k et y l an d
b en z en e w as fr esh l y d i st i l l ed fr om C aH 2 . AC S aceton e w as
stor ed ov er 4 -• m ol ecu l ar si ev es. Al l n on aq u eou s r eact i on s
w er e p er for m ed i n d r y g l assw ar e u n d er an ar g on at m osp h er e.
Al l st ar t i n g m at er i a l s w er e u sed as r ecei v ed . Acet y l at i on s w er e
p er for m ed u si n g st an d ar d acet i c an h y d r i d e/p y r i d i n e con d i -
t i on s. Al l fl av on oi d s ex cep t q u er cet i n d i h y d r at e w er e p u r -
ch ased fr om I n d ofi n e C h em i cal C o. an d al l ot h er r eag en t s
p u r ch ased fr om Al d r i ch C h em i cal C o. Al l col u m n ch r om atog -
r ap h y sep ar at i on s (C C ) w er e p er for m ed w i t h n or m al -p h ase
si l i ca g el (S ci en t i fi c Ad sor b en t s I n c.; 3 2 - 6 3 -µm p ar t i cl e si z e,
6 0 -• p or e si z e). C on i fer y l , si n ap y l , an d p -cou m ar y l a l coh ol s
w er e p r ep ar ed b y a D I B AL r ed u ct i on (T H F , 0 ¡C , 1 2 h , > 7 5 %
y i e l d ) of t h e cor r esp on d i n g a l d eh y d e.

F lavonol i gnans. 5 !!-M ethox yhydnocar pi n (7). T o a 1 0 0 -
m L t h r ee-n eck r ou n d -b ot tom fl ask w er e ad d ed 0 .3 0 0 g (1 .0 5
m m ol ) of l u t eol i n an d 0 .2 2 0 g (1 .0 5 m m ol ) of si n ap y l a l coh ol .
N ex t , 2 0 m L of aceton e an d 5 m L of a 0 .2 M ci t r i c aci d /
p h osp h at e b u ffer w er e ad d ed to th e r eact i on fl ask an d th e fl ask

cool ed to 0 ¡C . T w o d r op s of 3 0 % H 2 O 2 an d 1 m L of a
h or ser ad i sh p er ox i d ase sol u t i on (1 .5 m g H R P (1 1 0 0 U /m g )/3
m L w at er ) w er e ad d ed . T h e H R P sol u t i on (1 m L ) w as ad d ed
ev er y 1 5 m i n t h er eaft er , an d t h e r eact i on t h en al l ow ed to st i r
at 0 ¡C for 7 h . T h e r eact i on sol u t i on w as al l ow ed to w ar m to
r oom t em p er at u r e, w ash ed w i t h b r i n e, an d ex t r act ed w i t h
E t O Ac. T h e E t O Ac w as d r i ed w i t h an h y d r ou s M g S O 4 , fi l t er ed ,
an d r em ov ed b y r ot ar y ev ap or at i on to y i e l d a b r ow n -or an g e
sol i d . T h e sol i d w as su b ject ed to C C u si n g 9 2 :8 C H C l 3 /M eO H
to y i e l d 0 .1 9 2 g (3 7 %) of a y el l ow -or an g e sol i d , 3 :2 r at i o of 7/8
(b y 1 H N M R ) w i t h m i n or i m p u r i t i es p r esen t . T h i s sol i d w as
r ecr y st a l l i z ed fr om 9 :1 M eO H /H 2 O to g i v e 0 .0 2 5 g of r eg i op u r e
7: y el l ow cr y st a l s, m p 2 6 0 ¡C d ec; 1 H N M R (7 5 ¡C , D M S O -d 6)
! 3 .4 6 (m ), 3 .6 3 (d d , J ) 1 2 .6 , 2 .8 H z ), 4 .2 9 (m ), 4 .7 7 (t , C H 2-
O H ), 5 .0 3 (d , J ) 7 .8 H z ), 6 .2 2 (d , J ) 2 .0 H z ), 6 .5 1 (d , J ) 2 .0
H z ), 6 .7 6 (s), 6 .7 9 (s), 7 .0 9 (d , J ) 8 .4 H z ), 7 .5 8 (d , J ) 8 .6 , 2 .0
H z ), 7 .6 3 (d , J ) 2 .0 H z ); 1 3 C N M R (2 5 ¡C , D M S O -d 6) ! 5 6 .1 ,
6 0 .1 , 7 6 .7 , 7 7 .9 , 9 4 .1 , 9 8 .9 , 1 0 3 .8 , 1 0 3 .9 , 1 0 5 .4 , 1 1 4 .8 , 1 1 7 .6 ,
1 1 9 .9 , 1 2 3 .7 , 1 2 6 .0 , 1 3 6 .1 , 1 4 3 .7 , 1 4 7 .1 , 1 4 8 .0 , 1 5 7 .3 , 1 6 1 .4 ,
1 6 2 .9 , 1 6 4 .3 , 1 8 1 .8 . An al . (C 2 6 H 2 2 O 1 0â3 H 2 O ) C , H .

5 !!-M et hox yhydnocar p i n -D (8 ). T o a 1 0 0 -m L t h r ee-n eck
r ou n d -b ot tom fl ask w er e ad d ed 0 .1 6 0 g (0 .5 5 9 m m ol ) of
l u t eol i n , 0 .1 1 8 g (0 .5 5 9 m m ol ) of si n ap y l a l coh ol , 4 0 m L
b en z en e an d 2 0 m L of aceton e. T h e r eact i on v essel w as p l aced
i n a 6 0 ¡C oi l b at h an d l et st i r for 1 0 m i n . N ex t , 0 .1 5 4 g (0 .5 5 9
m m ol ) of Ag 2 C O 3 w as ad d ed an d t h e r eact i on sol u t i on st i r r ed
v i g or ou sl y for 1 0 h . T h e r eact i on w as t h en a l l ow ed to cool ,
fi l t er ed t h r ou g h a B u ch n er fu n n el , an d t h e sol v en t r em ov ed
b y r ot ar y ev ap or at i on to y i e l d a p a l e y el l ow p ow d er . T h e
p ow d er w as su b ject ed to C C u si n g 4 :1 C H 2 C l 2 /(C H 3)2 C O to
y i e l d 0 .0 5 2 g of p u r e 8 (1 9 %, p al e y el l ow p ow d er , 6 :1 8 /7). T h e
p u r i fi ed m at er i a l w as r ecr y st a l l i z ed fr om 1 :1 H 2 O /M eO H to
g i v e 0 .0 3 3 g of r eg i op u r e 8 : p a l e y el l ow w h i t e cr y st a l s, m p
2 1 3 - 2 1 4 ¡C ; 1 H N M R (D M S O -d 6) ! 3 .3 8 (d d , J ) 1 2 .6 , 4 .4 H z ),
3 .5 7 (d d , J ) 1 2 .6 , 2 .8 H z ), 3 .7 8 (s, O M e), 4 .3 3 (m ), 4 .9 5 (d , J
) 8 .0 H z ), 6 .1 9 (d , J ) 2 .0 H z ), 6 .5 0 (d , J ) 2 .0 H z ), 6 .7 7 (s),
6 .8 7 (s), 7 .1 2 (d , J ) 8 .4 H z ), 7 .6 3 (d d , J ) 8 .4 , 2 .0 H z ), 7 .6 7
(d , J ) 2 .0 H z ) 1 2 .9 1 (s); 1 3 C N M R (D M S O -d 6) ! 5 6 .1 , 6 0 .0 ,
7 6 .2 , 7 8 .5 , 9 4 .1 , 9 8 .9 , 1 0 3 .8 , 1 0 3 .9 , 1 0 5 .4 , 1 1 5 .1 , 1 1 7 .4 , 1 2 0 .1 ,
1 2 3 .4 , 1 2 6 .1 , 1 3 6 .1 , 1 4 4 .0 , 1 4 6 .9 , 1 4 8 .0 , 1 5 7 .3 , 1 6 1 .4 , 1 6 2 .9 ,
1 6 4 .3 , 1 8 1 .8 . An al . (C 2 6 H 2 2 O 1 0â2 .5 H 2 O ), C , H .

5 ,7-Deox yhydnocar p i n -D (9). T h e t i t l e com p ou n d w as
sy n th esi z ed i n t h e sam e m an n er as 8 u si n g 0 .2 9 1 g (1 .1 5 m m ol )
of 3 ,4 -d i h y d r ox y fl av on e, 0 .2 0 7 g (1 .1 5 m m ol ) of con i fer y l
a l coh ol , 2 5 m L of b en z en e, 1 2 .5 m L of aceton e, an d 0 .3 1 7 g
(1 .1 5 m m ol ) of Ag 2 C O 3 to y i e l d a d ar k y el l ow sol i d . T h i s sol i d
w as su b ject ed to C C u si n g 9 3 :7 C H C l 3 /M eO H to y i e l d 0 .1 2 9 g
of a 7 :1 d ow n /u p m i x t u r e of r eg i oi som er s an d m i n or i m p u r i t i es.
A p or t i on (0 .0 1 6 g ) of t h e p u r i fi ed p r od u ct 9 w as su b ject ed to
acet y l at i on to g i v e 0 .0 1 4 g of acet y l at ed p r od u ct t h at w as
fu r t h er p u r i fi ed b y C C (1 :1 h ex an es/E t O Ac) to g i v e 1 2 fr act i on s
of p u r e 9a, i n w h i ch 3 fr act i on s (0 .0 0 6 g ) con t a i n ed a 1 5 :1
d ow n /u p m i x t u r e (b y 1 H N M R ) of r eg i oi som er s: w h i t e m i cr o-
cr y stal l i n e sol i d , m p 1 7 2 - 1 7 4 ¡C . P er acetat e: 1H N M R (C D C l 3)
! 2 .0 9 (s), 2 .3 5 (s), 3 .8 9 (s, O M e), 4 .0 4 (d d , J ) 1 2 .4 , 4 .4 H z ),
4 .3 6 (m ), 4 .4 2 (d d , J ) 1 2 .4 , 3 .2 H z ), 5 .0 1 (d , J ) 8 .0 H z ), 6 .7 6
(s), 7 .0 0 (d , J ) 2 .0 H z ), 7 .0 2 (m ), 7 .1 2 (J ) 8 .0 H z ), 7 .1 2 (d , J
) 8 .0 H z ), 7 .4 2 (d d d , J ) 8 .2 , 6 .8 , 0 .8 H z ), 7 .5 2 (d , J ) 2 .0
H z ), 7 .5 4 (d , J ) 2 .0 H z ), 7 .5 4 (d d , J ) 8 .4 , 1 .6 H z ), 7 .6 1 (d , J
) 2 .0 H z ), 7 .6 3 (d d , J ) 8 .0 , 2 .0 H z ), 7 .7 0 (d d d , J ) 8 .6 , 7 .0 ,
1 .6 H z ), 8 .2 3 (d d , J ) 8 .4 , 1 .6 H z ); 1 3 C N M R (C D C l 3) ! 2 0 .7 ,
2 0 .7 , 5 6 .0 , 6 2 .5 , 7 5 .9 , 7 6 .4 , 1 0 6 .7 , 1 1 1 .0 , 1 1 5 .5 , 1 1 7 .8 , 1 1 8 .0 ,
1 1 9 .8 , 1 2 0 .4 , 1 2 3 .4 , 1 2 3 .9 , 1 2 5 .2 , 1 2 5 .4 , 1 2 5 .7 , 1 3 3 .7 , 1 3 4 .0 ,
1 4 0 .7 , 1 4 3 .7 , 1 4 5 .9 , 1 5 1 .7 , 1 5 6 .2 , 1 6 3 .0 , 1 6 8 .7 , 1 7 0 .4 , 1 7 8 .3 .
An al . (C 2 5 H 2 0 O 7â0 .5 H 2 O ) C , H .

5 -Deox yhydnocar p i n -D (10). T o a 2 5 0 -m L t h r ee-n eck
r ou n d -b ot tom fl ask w er e ad d ed 0 .4 0 0 g (1 .4 8 m m ol ) of 7 ,3 !,4 !-
t r i h y d r ox y fl av on e, 0 .2 6 7 g (1 .4 8 m m ol ) of con i fer y l a l coh ol , 7 0
m L of b en z en e, an d 3 5 m L of aceton e. T h e r eact i on v essel w as
p l aced i n a 6 0 ¡C oi l b at h an d l et st i r for 1 0 m i n . N ex t , 0 .4 0 8
g (1 .4 8 m m ol ) of Ag 2 C O 3 w as ad d ed an d t h e r eact i on sol u t i on
st i r r ed v i g or ou sl y for 3 6 h . T h e r eact i on w as t h en al l ow ed to
cool , fi l t er ed t h r ou g h a B u ch n er fu n n el , an d t h e sol v en t
r em ov ed b y r ot ar y ev ap or at i on to y i e l d a y el l ow p ow d er . T h e
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y el l ow p ow d er w as su b ject ed to C C u si n g 9 5 :5 C H C l 3 /M eO H
to y i e l d 0 .1 7 2 g of a p a l e y el l ow p ow d er t h at con t a i n ed a 6 :1
d ow n /u p (b y 1H N M R ) m i x t u r e of r eg i oi som er s an d d eh y d r od i -
con i fer y l a l coh ol . VL C (v acu u m l i q u i d ch r om atog r ap h y ) u si n g
C -1 8 si l i ca g el (4 :1 H 2 O /M eO H to 1 0 0 % M eO H ) y i e l d ed 0 .0 7 3
g of p u r e 10 (1 1 %, p al e y el l ow p ow d er , 6 :1 d ow n /u p r eg i oi so-
m er s). A p or t i on (0 .0 3 5 g ) of t h e p u r i fi ed fl av on ol i g n an w as
acet y l at ed (0 .0 3 9 g , 8 9 %) an d r ecr y st a l l i z ed fr om 1 :1 H 2 O /
M eO H to y i e l d 0 .0 2 5 g (6 4 % fr om acet y l at ed p r od u ct ) of
r eg i op u r e 10a. P er acetat e: w h i t e m i cr ocr y stal l i n e sol d , m p 2 1 2
¡C ; 1 H N M R (C D C l 3) ! 2 .0 9 (s), 2 .3 4 (s), 2 .3 7 (s), 3 .8 8 (s, O M e),
4 .0 5 (d d , J ) 1 2 .3 , 4 .0 H z ), 4 .3 5 (m ), 4 .4 2 (d d , J ) 1 2 .3 , 3 .2
H z ), 6 .7 5 (s), 7 .0 1 (m , 2 H ), 7 .1 1 (d , J ) 8 .8 H z ), 7 .1 2 (d , J )
8 .0 H z ), 7 .1 6 (d d , J ) 8 .0 , 2 .2 H z ), 7 .3 7 (d , J ) 2 .2 H z ), 7 .5 0
(d d , J ) 8 .4 , 2 .2 H z ), 7 .5 7 (d , J ) 2 .2 H z ), 8 .2 4 (d , J ) 8 .8 H z );
1 3C N M R (C D C l 3) ! 2 0 .6 , 2 0 .7 , 2 1 .2 , 5 6 .0 , 6 2 .4 , 7 5 .9 , 7 6 .3 , 1 0 6 .6 ,
1 1 0 .9 , 1 1 1 .0 , 1 1 5 .4 , 1 1 7 .9 , 1 1 9 .3 , 1 1 9 .8 , 1 2 0 .4 , 1 2 1 .6 , 1 2 3 .3 ,
1 2 5 .0 , 1 2 7 .1 , 1 3 4 .0 , 1 4 0 .7 , 1 4 3 .7 , 1 4 6 .1 , 1 5 1 .7 , 1 5 4 .5 , 1 5 6 .6 ,
1 6 3 .2 , 1 6 8 .5 , 1 6 8 .7 , 1 7 0 .3 , 1 7 7 .6 . An al . (C 3 1 H 2 6 O 1 1) C , H .

5 -Deox y-3-hydr ox yhydocar p i n -D (11). T h e t i t l e com -
p ou n d w as sy n t h esi z ed i n t h e sam e m an n er as 10 u si n g 0 .2 0 0
g (0 .6 9 9 m m ol ) of fi set i n , 0 .1 2 6 g (0 .6 9 9 m m ol ) of con i fer y l
a l coh ol , 5 0 m L of b en z en e, 2 5 m L of aceton e an d 0 .1 9 3 g (0 .6 9 9
m m ol ) of Ag 2 C O 3 for 3 6 h to y i e l d a y el l ow p ow d er . T h e y el l ow
p ow d er w as su b ject ed to C C u si n g 9 5 :5 C H C l 3 /M eO H to y i e l d
0 .1 7 2 g of a p a l e y el l ow p ow d er t h at con t a i n ed a 1 4 :1 d ow n /
u p (b y 1 H N M R ) m i x t u r e of r eg i oi som er s an d d eh y d r od i co-
n i fer y l a l coh ol . VL C u si n g C -1 8 si l i ca g el (4 :1 H 2 O /M eO H to
1 0 0 % M eO H ) y i e l d ed 0 .0 8 6 of p u r e 12 : 2 7 %, p al e y el l ow
p ow d er ; 1 H N M R (aceton e-d 6) ! 3 .5 5 (d d , J ) 1 2 .3 , 4 .0 H z ),
3 .7 9 (d d , J ) 1 2 .3 , 2 .5 H z ), 3 .8 9 (s, O M e), 4 .2 4 (m ), 5 .0 6 (d , J
) 8 .4 H z ), 6 .9 0 (d , J ) 8 .1 H z ), 6 .9 9 (d d , J ) 8 .7 , 2 .1 H z ), 7 .0 1
(d d , J ) 8 .1 , 1 .8 H z ), 7 .0 8 (d , J ) 9 .0 H z ), 7 .0 9 , (d , J ) 2 .1
H z ), 7 .1 8 (d , J ) 1 .8 H z ), 7 .8 6 (m , 2 H ), 8 .0 2 (d , J ) 8 .7 H z ).
P er acet at e 11a: w h i t e m i cr ocr y st a l l i n e sol i d , m p 1 9 9 - 2 0 0 ¡C ;
1 H N M R (C D C l 3) ! 2 .0 9 (s), 2 .3 4 (s), 2 .3 7 (s), 2 .3 8 (s), 3 .8 8 (s,
O M e), 4 .0 3 (d d , J ) 1 2 .3 , 4 .0 H z ), 4 .3 4 (m ), 4 .4 2 (d d , J ) 1 2 .3 ,
3 .2 H z ), 5 .0 1 (d , 8 .0 H z ), 7 .0 0 (d d , J ) 8 .4 , 1 .6 H z ), 7 .0 1 (d , J
) 1 .6 H z ), 7 .1 1 (d , J ) 8 .4 H z ), 7 .1 2 (d , J ) 8 .4 H z ), 7 .1 7 (d d ,
J ) 8 .8 , 2 .4 H z ), 7 .3 9 (d , J ) 2 .4 H z ), 7 .5 1 (J ) 8 .4 , 2 .4 H z ),
7 .5 7 (d , J ) 2 .4 H z ), 8 .2 5 (d , J ) 8 .8 H z ); 1 3 C N M R (C D C l 3) !
2 0 .6 , 2 0 .6 , 2 0 .7 , 2 1 .2 , 5 6 .0 , 6 2 .5 , 7 5 .9 , 7 6 .3 , 1 1 0 .9 , 1 1 1 .0 , 1 1 7 .5 ,
1 1 9 .4 , 1 1 9 .8 , 1 2 1 .3 , 1 2 2 .4 , 1 2 3 .2 , 1 2 3 .3 , 1 2 7 .4 , 1 3 3 .4 , 1 3 4 .0 ,
1 4 0 .6 , 1 4 3 .5 , 1 4 5 .7 , 1 5 1 .7 , 1 5 4 .7 , 1 5 5 .7 , 1 5 5 .9 , 1 6 8 .0 , 1 6 8 .4 ,
1 6 8 .7 , 1 7 0 .4 , 1 7 1 .5 . An al . (C 3 3 H 2 8 O 1 3) C , H .

3-H ydr ox yhydnocar p i n -D (12 ). T h e t i t l e com p ou n d w as
sy n t h esi z ed i n t h e sam e m an n er as 10 u si n g 0 .6 0 0 g (1 .7 7
m m ol ) of q u er cet i n d i h y d r at e, 0 .3 2 0 g (1 .7 7 m m ol ) of con i fer y l
a l coh ol , 9 0 m L of b en z en e an d 4 5 m L of aceton e, an d 0 .4 8 9 g
(1 .7 7 m m ol ) of Ag 2 C O 3 to y i e l d a y el l ow p ow d er . T h e y el l ow
p ow d er w as su b ject ed to C C u si n g 9 5 :5 C H C l 3 /M eO H to y i e l d
0 .3 4 1 g of a y el l ow p ow d er t h at con t ai n ed > 3 0 :1 d ow n /u p r at i o
of r eg i oi som er s (b y 1 H N M R ) p l u s m i n or i m p u r i t i es. I n t h e
m or e con cen t r at ed C C fr act i on s, t h e p r od u ct cr y st a l l i z ed ou t
to g i v e r eg i op u r e sam p l es of p u r e 12 (0 .0 5 5 g ). T h e r em ai n i n g
fr act i on s w er e su b ject ed to VL C u si n g C -1 8 si l i ca g el (3 :2 H 2 O /
M eO H to 1 :4 H 2 O /M eO H ) to g i v e 0 .1 4 2 g of a r eg i op u r e sam p l e
of p u r e 12 : 2 3 % com b i n ed , y e l l ow p ow d er , m p 2 7 9 - 2 8 0 ¡C ;
1 H N M R (aceton e-d 6) ! 3 .5 4 (d d , J ) 1 2 .4 , 4 .0 H z ), 3 .7 8 (d d , J
) 1 2 .4 , 2 .4 H z ), 3 .8 9 (s, O M e), 4 .2 5 (m ), 5 .0 6 (d , J ) 8 .4 H z ),
6 .2 7 (d , J ) 2 .0 H z ), 6 .5 9 (d , J ) 2 .0 H z ), 6 .9 0 (d , J ) 8 .0 H z ),
7 .0 1 (d d , J ) 8 .4 , 2 .0 H z ), 7 .1 0 (d , J ) 8 .4 H z ), 7 .1 7 (d , J ) 2 .0
H z ), 7 .8 5 (d d , J ) 8 .4 , 2 .0 H z ), 7 .8 6 (d , J ) 2 .0 H z ), 1 2 .1 4 (s);
1 3 C N M R (aceton e-d 6) ! 5 6 .3 , 6 1 .7 , 7 7 .2 , 8 0 .0 , 9 4 .6 , 9 9 .2 , 1 0 4 .2 ,
1 1 1 .9 , 1 1 5 .8 , 1 1 7 .2 , 1 1 7 .7 , 1 2 1 .7 , 1 2 2 .2 , 1 2 4 .9 , 1 2 8 .9 , 1 3 7 .1 ,
1 4 4 .8 , 1 4 6 .1 , 1 4 6 .5 , 1 4 8 .1 , 1 4 8 .5 , 1 5 7 .8 , 1 6 2 .3 , 1 6 5 .1 , 1 7 2 .8 ,
1 7 6 .6 . P er acet at e 13a: p a l e y el l ow m i cr ocr y st a l s, m p 1 7 6 -
1 7 8 ¡C ; 1 H N M R (C D C l 3) ! 2 .0 9 (s), 2 .3 4 (s), 2 .3 5 (s), 2 .3 5 (s),
2 .4 4 (s), 3 .8 8 (s, O M e), 4 .0 2 (d d , J ) 1 2 .0 , 4 .0 H z ), 4 .3 4 (m ),
4 .4 1 (d d , J ) 1 2 .0 , 3 .2 H z ), 5 .0 0 (d , J ) 8 .0 H z ), 6 .9 9 (d d , J )
8 .4 , 2 .0 H z ), 7 .0 1 (d , J ) 2 .0 H z ), 7 .0 9 (d , J ) 8 .4 H z ), 7 .1 2 (d ,
J ) 8 .4 H z ), 7 .3 2 (d , J ) 2 .0 H z ), 7 .4 7 (d d , J ) 8 .4 , 2 .0 H z ),
7 .5 3 (d , J ) 2 .0 H z ); 1 3 C N M R (C D C l 3) ! 2 0 .8 , 2 0 .9 , 2 0 .9 , 2 1 .3 ,
2 1 .4 , 5 6 .2 , 6 2 .7 , 7 6 .1 , 7 6 .5 , 1 0 9 .1 , 1 1 1 .2 , 1 1 3 .9 , 1 1 7 .6 , 1 1 7 .7 ,

1 2 0 .0 , 1 2 2 .6 , 1 2 3 .0 , 1 2 3 .5 , 1 3 3 .7 , 1 3 4 .2 , 1 4 0 .9 , 1 4 3 .7 , 1 4 6 .0 ,
1 5 0 .5 , 1 5 1 .9 , 1 5 4 .3 , 1 5 4 .9 , 1 5 7 .0 , 1 6 8 .0 , 1 6 8 .1 , 1 6 8 .9 , 1 6 9 .5 ,
1 7 0 .3 , 1 7 0 .6 . An al . (C 3 5 H 3 0 O 1 5) C , H .

Si nai t i ci n -D (14). T h e t i t l e com p ou n d w as sy n t h esi z ed i n
t h e sam e m an n er as 8 u si n g 0 .2 0 0 g (0 .6 9 9 m m ol ) of l u t eol i n ,
0 .1 0 5 g (0 .6 9 9 m m ol ) of p -cou m ar y l a l coh ol , 2 5 m L of b en z en e,
1 2 .5 m L of aceton e, an d 0 .1 9 3 g (0 .6 9 9 m m ol ) of Ag 2 C O 3 to
y i el d a b r ow n -or an g e sol i d . T h e sol i d w as su b ject ed to C C u si n g
9 1 :9 C H C l 3 /M eO H to y i e l d 0 .1 4 6 g (4 8 %) of a 1 :2 m i x t u r e of
14/13 an d m i n or i m p u r i t i es. T h e sol i d w as r ecr y st a l l i z ed fr om
M eO H to y i e l d 0 .0 3 8 g of r eg i op u r e 14: 1 3 %, y el l ow cr y st a l s,
m p 2 6 9 ¡C ; 1 H N M R (D M S O -d 6) ! 3 .3 4 (d d , J ) 1 2 .0 , 4 .0 H z ),
3 .5 8 (d d , J ) 1 2 .0 , 2 .4 H z ), 4 .2 6 (m ), 4 .9 8 (d , J ) 8 .0 H z ), 6 .1 9
(d , J ) 1 .8 H z ), 6 .5 0 (d , J ) 1 .8 H z ), 6 .8 1 (d , J ) 8 .8 H z ), 6 .8 7
(s), 7 .1 1 (d , J ) 8 .8 H z ), 7 .2 9 (d , J ) 8 .8 H z ), 7 .6 2 (d , J ) 8 .8 ,
2 .0 H z ), 7 .6 5 (d , J ) 2 .0 H z ), 1 2 .9 0 (s); 1 3 C N M R (D M S O -d 6) !
6 0 .0 , 7 5 .7 , 7 8 .6 , 9 4 .1 , 9 8 .9 , 1 0 3 .7 , 1 0 3 .9 , 1 1 5 .0 , 1 1 5 .3 , 1 1 7 .4 ,
1 2 0 .1 , 1 2 3 .5 , 1 2 6 .5 , 1 2 9 .2 , 1 4 4 .0 , 1 4 6 .9 , 1 5 7 .3 , 1 5 7 .9 ,1 6 1 .4 ,
1 6 2 .9 , 1 6 4 .5 , 1 8 1 .8 . An al . (C 2 4 H 1 8 O 8) C , H .

rac-Si landr i n -D (15 ). T h e t i t l e com p ou n d w as sy n t h esi z ed
i n t h e sam e m an n er as 10 u si n g 0 .4 0 0 g (1 .3 9 m m ol ) of
er i od i ct y ol , 0 .2 5 0 g (1 .3 9 m m ol ) of con i fer y l a l coh ol , 6 0 m L of
b en z en e, 3 0 m L of aceton e, an d 0 .3 8 3 g (1 .3 9 m m ol ) of Ag 2-
C O 3 to y i e l d a b r ow n -w h i t e sol i d . T h i s sol i d w as su b ject ed to
C C 9 5 :5 C H C l 3 /M eO H to y i e l d 0 .2 6 2 g of a d i ast er eom er i c
m i x t u r e of n ear p u r e 15 w i t h on l y t h e d ow n r eg i oi som er
d et ect i b l e b y 1 H N M R . T h i s sam p l e w as fu r t h er p u r fi ed u si n g
C C (7 :3 h ex an es/E t O Ac) to y i e l d 0 .2 0 8 g of a r eg i op u r e
d i ast er eom er i c m i x t u r e of 15 : 2 4 %, w h i t e m i cr ocr y st a l l i n e
sol i d ; k ey 1 H N M R r eson an ces (aceton e-d 6) ! 2 .7 8 (m ), 3 .1 8
(d d , J ) 1 7 .0 , 1 2 .8 H z ), 3 .5 2 (d d , J ) 1 2 .4 , 4 .0 H z ), 3 .7 5 (d d ,
J ) 1 2 .4 , 2 .5 H z ), 3 .8 7 (s, O M e), 4 .1 4 (m ), 5 .0 0 (d , J ) 8 .0 H z ),
5 .4 8 (m ), 5 ,9 6 (m ), 6 .8 4 - 7 .1 4 (m ), 1 2 .1 7 (s), 1 2 .1 8 (s) (5 9 :4 1
m i x t u r e of d i ast er eom er s b y 1H N M R ). K ey p er acetat e 1H N M R
r eson an ces (C D C l 3): ! 2 .0 7 (s), 2 .0 8 (s), 2 .3 0 (s), 2 .3 1 (s), 2 .3 3
(s), 2 .3 9 (s), 2 .3 9 (s), 2 .7 6 (b r d , J ) 1 6 .8 H z ), 3 .0 5 (b r d , J )
1 6 .8 H z ), 3 .8 6 (s, O M e), 4 .0 0 (d d , J ) 1 2 .0 , 4 .0 H z ), 4 .2 6 (m ),
4 .3 7 (d d , J ) 1 2 .0 , 2 .5 H z ), 4 .9 6 (d , J ) 8 .0 H z ), 5 .4 2 (b r d , J
) 1 3 .2 H z), 6 .5 4 (m ), 6 .7 9 (m ), 6 .9 5 - 7 .1 0 (m ). An al . (C 3 3H 3 0 O 1 3)
C , H .

5 -Deox yscu t el l apr ost i n -A (18 ). T o a 2 5 0 -m L t h r ee-n eck
r ou n d -b ot tom fl ask w er e ad d ed 0 .4 0 0 g (0 .1 5 7 m m ol ) of 7 ,8 -
d i h y d r ox y fl av on e, 0 .2 8 4 g (0 .1 5 7 m m ol ) of con i fer y l a l coh ol ,
1 3 0 m L of b en z en e, an d 6 5 m L of aceton e. T h e r eact i on v essel
w as p l aced i n a 6 0 ¡C oi l b at h an d l et st i r for 1 0 m i n . N ex t ,
0 .7 5 8 g (2 .7 5 m m ol ) of Ag 2 C O 3 w as ad d ed an d t h e r eact i on
v i g or ou sl y st i r r ed for 2 4 h . T h e r eact i on w as t h en al l ow ed to
cool , fi l t er ed t h r ou g h a B u ch n er fu n n el , an d t h e sol v en t
r em ov ed b y r ot ar y ev ap or at i on to y i e l d an or an g e sol i d . T h e
sol i d w as su b ject ed to C C u si n g 9 5 :5 C H C l 3 /M eO H to y i e l d
0 .2 7 0 g of n ear p u r e sam p l e of 18 . T h i s sam p l e w as su b ject ed
to VL C u si n g C -1 8 si l i ca g el (1 :1 H 2O /M eO H to 3 :7 H 2O /M eO H )
to y i e l d 0 .1 4 2 g of p u r e 18 : 2 1 %, y el l ow m i cr ocr y st a l s, m p
2 3 3 - 2 3 4 ¡C ; 1 H N M R (3 5 ¡C , D M S O -d 6) ! 3 .4 8 (b r d , J ) 1 2 .4
H z ), 3 .7 4 (b r d , J ) 1 2 .4 H z ), 3 .8 0 (s, O M e), 4 .4 0 (m ), 5 .0 8 (t ,
C H 2- O H ), 5 .1 4 (d , J ) 7 .6 H z ), 6 .8 3 (d , J ) 8 .0 H z ), 6 .9 2 (d d ,
J ) 8 .0 , 2 .0 H z ), 7 .0 1 (s), 7 .0 7 (d , J ) 2 .0 H z ), 7 .0 9 (d , J ) 8 .8
H z ), 7 .5 4 (d , J ) 8 .8 H z ), 7 .6 1 (m ), 8 .1 3 (m ), 9 .1 7 (s); 1 3 C N M R
(3 5 ¡C , D M S O -d 6) ! 5 5 .7 , 6 0 .0 , 7 6 .3 . 7 8 .0 , 1 0 6 .6 , 1 1 1 .9 , 1 1 4 .8 ,
1 1 5 .4 , 1 1 5 .9 , 1 1 7 .9 , 1 2 0 .6 , 1 2 6 .2 , 1 2 6 .7 , 1 2 9 .1 , 1 3 1 .2 , 1 3 1 .7 ,
1 3 2 .2 , 1 4 5 .8 , 1 4 7 .2 , 1 4 7 .6 , 1 6 1 .8 , 1 7 6 .4 . An al . (C 2 5 H 2 0 O 7) C ,
H .

5 -Deox yscu t el l apr ost i n -B (19). T h e t i t l e com p ou n d w as
sy n t h esi z ed i n t h e sam e m an n er as 18 u si n g 0 .3 5 0 g (1 .3 0
m m ol ) of 7 ,8 ,4 !-t r i h y d r ox y fl av on e, 0 .2 3 3 g (1 .3 0 m m ol ) of
con i fer y l a l coh ol , 1 1 0 m L of b en z en e, an d 5 5 m L of aceton e
an d 0 .6 2 5 g (2 .2 8 m m ol ) of Ag 2 C O 3 to y i e l d an or an g e oi l . T h e
oi l w as su b ject ed to col u m n ch r om atog r ap h y (C C ) u si n g 9 5 :5
C H C l 3 /M eO H to y i e l d 0 .1 4 5 g of a r eg i op u r e sam p l e of 19 an d
d eh y d r od i con i fer y l a l coh ol . VL C u si n g C -1 8 si l i ca g el (1 :1 H 2 O /
M eO H to 1 :4 H 2 O /M eO H ) y i e l d ed 0 .0 5 0 g of p u r e 19: 1 2 %,
w h i t e p ow d er , m p 2 5 4 ¡C ; 1 H N M R (D M S O -d 6) ! 3 .4 5 (b r d , J
) 1 2 .8 H z ), 3 .7 1 (b r d , J ) 1 2 .8 H z ), 3 .7 9 (s, O M e), 4 .3 9 (m ),
5 .1 0 (t , C H 2- O H ), 5 .1 1 (d , J ) 7 .6 H z ), 6 .8 2 (d , J ) 8 .0 H z ),
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6 .8 3 (s), 6 .9 1 (d , J ) 8 .0 , 2 .0 H z ), 6 .9 4 (d , J ) 8 .8 H z ), 7 .0 6 (d ,
J ) 8 .8 H z ), 7 .0 7 (d , J ) 2 .0 H z ), 7 .5 0 (d , A of A2 B 2), 8 .1 3 (d ,
B of A2 B 2), 9 .2 2 (b s), 1 0 .3 2 (b s); 1 3 C N M R (D M S O -d 6) ! 5 5 .7 ,
6 0 .0 , 7 6 .4 , 7 8 .1 , 1 0 4 .4 , 1 1 1 .8 , 1 1 4 .5 , 1 1 5 .4 , 1 1 5 .8 , 1 1 5 .9 , 1 1 7 .9 ,
1 2 0 .6 , 1 2 1 .6 , 1 2 6 .8 , 1 2 8 .2 , 1 3 2 .2 , 1 4 5 .7 , 1 4 7 .2 , 1 4 7 .5 , 1 4 7 .7 ,
1 6 0 .9 , 1 6 2 .3 , 1 7 6 .3 . An al . (C 2 5 H 2 0 O 8) H R F AB + .

F lavones. 4!-Ben z y lox y f l avone (40). T o a 1 0 0 -m L t h r ee-
n eck r ou n d -b ot tom fl ask w er e ad d ed 0 .0 7 5 g (0 .3 1 5 m m ol ) of
33, 2 5 m L of d r y aceton e, 0 .0 6 0 g (0 .3 5 1 m m ol ) of b en z y l
b r om i d e, an d 0 .2 1 8 g (1 .5 8 m m ol ) of an h y d r ou s K 2 C O 3 . T h e
r eact i on sol u t i on w as h eat ed at r efl u x for 9 h , cool ed to r oom
t em p er at u r e, p ou r ed i n to a sol u t i on of b r i n e, t h e aceton e
r em ov ed i n v acu o, an d t h e or g an i cs ex t r act ed w i t h E t O Ac. T h e
E t O Ac w as d r i ed w i t h M g S O 4 , fi l t er ed , an d r em ov ed i n v acu o
to y i e l d a w h i t e p ow d er . T h e sam p l e w as r ecr y st a l l i z ed fr om
M eO H to y i e l d 0 .0 8 6 g of p u r e 40: 8 4 %, w h i t e p ow d er , m p
1 9 2 ¡C ; 1 H N M R (C D C l 3) ! 5 .1 7 (s), 7 .1 0 (A of A2 B 2), 7 .4 2 (m ,
6 H ), 7 .5 5 (d , J ) 8 .4 , 0 .8 H z ), 7 .7 0 (d d d , J ) 8 .4 , 7 .0 , 2 .0 H z )
7 .9 0 (B of A2 B 2), 8 .2 4 (J ) 8 .0 , 2 .0 H z ); 1 3 C N M R (C D C l 3) !
7 0 .2 , 1 0 6 .2 , 1 1 5 .3 , 1 1 7 .9 , 1 2 3 .9 , 1 2 4 .3 , 1 2 5 .1 , 1 2 5 .7 , 1 2 7 .5 ,
1 2 8 .0 , 1 2 8 .3 , 1 2 8 .7 , 1 3 3 .6 , 1 3 6 .2 , 1 5 6 .2 , 1 6 1 .5 , 1 6 3 .3 , 1 7 8 .4 .
An al . (C 2 2 H 1 6 O 3) C , H .

4!-Nonox y f l avone (39). T h e t i t l e com p ou n d w as sy n t h e-
si z ed i n t h e sam e m an n er as 40 u si n g 0 .0 7 5 g (0 .3 1 5 m m ol ) of
33, 2 5 m L of d r y aceton e, 0 .0 6 5 g (0 .3 1 5 m m ol ) of 1 -b r om o-
n on an e, an d 0 .2 1 8 g (1 .5 8 m m ol ) of an h y d r ou s K 2 C O 3 h eat i n g
at r efl u x for 1 2 h to y i e l d an off-w h i t e p ow d er . T h e p ow d er
w as su b ject ed to C C u si n g 7 :3 h ex an es/E t O Ac to y i e l d 0 .0 4 8 g
of p u r e 39: 4 5 %, w h i t e p ow d er , m p 1 0 2 ¡C ; 1 H N M R (C D C l 3)
! 0 .9 0 (t ), 1 .3 4 (m , 1 0 H ), 1 .4 9 (m , 2 H ), 1 .8 3 (m , 2 H ), 4 .0 4 (t ),
6 .7 6 (s), 7 .0 2 (A of A2 B 2), 7 .4 2 (d d d , J ) 8 .4 , 7 .0 , 1 .2 H z ), 7 .5 6
(d d , J ) 8 .4 , 1 .2 H z ), 7 .6 9 (d d d , J ) 8 .4 , 7 .0 , 1 .2 H z ), 7 .8 8 (B
of A2 B 2), 8 .2 3 (d d , J ) 8 .0 , 1 .2 ); 1 3 C N M R (C D C l 3) ! 1 4 .1 , 2 2 .7 ,
2 6 .0 , 2 9 .1 , 2 9 .2 , 2 9 .3 , 2 9 .5 , 3 1 .8 , 6 8 .3 , 1 0 6 .1 , 1 1 4 .9 , 1 1 7 .9 , 1 2 3 .7 ,
1 2 3 .9 , 1 2 5 .0 , 1 2 5 .6 , 1 2 7 .9 , 1 3 3 .5 , 1 5 6 .2 , 1 6 2 .0 , 1 6 3 .5 , 1 7 8 .4 .
An al . (C 2 4 H 2 8 O 3) C , H .

4!-n -Pr opox y f l avone (34). T h e t i t l e com p ou n d w as sy n -
t h esi z ed i n t h e sam e m an n er as 40 u si n g 0 .0 7 4 g (0 .3 1 1 m m ol )
of 33, 2 5 m L of d r y aceton e, 0 .0 7 6 g (0 .6 2 2 m m ol ) of 1 -b r o-
m op r op an e, an d 0 .2 1 5 g (1 .5 6 m m ol ) of an h y d r ou s K 2 C O 3

h eat i n g at r efl u x for 1 2 h to y i e l d a w h i t e p ow d er . T h e w h i t e
p ow d er w as su b ject ed to C C u si n g 7 :3 h ex an es/E t O Ac to y i e l d
0 .0 7 1 g of p u r e 34: 8 2 %, w h i t e p ow d er , m p 1 2 1 - 1 2 2 ¡C ; 1 H
N M R (C D C l 3) ! 1 .0 8 (t ), 1 .8 6 (m ), 4 .0 1 (t ), 6 .7 6 (s), 7 .0 2 (A of
A2 B 2), 7 .4 2 (d d d , J ) 8 .4 , 7 .0 , 0 .8 H z ), 7 .5 6 (d d , J ) 8 .0 , 1 .2
H z ), 7 .6 9 (d d d , J ) 8 .4 , 7 .0 , 1 .2 H z ), 7 .8 8 (B of A2 B 2), 8 .2 3 (d d ,
J ) 8 .0 , 1 .2 H z ); 1 3 C N M R (C D C l 3) ! 1 0 .5 , 2 2 .4 , 6 9 .8 , 1 0 6 .1 ,
1 1 4 .9 , 1 1 7 .9 , 1 2 3 .7 , 1 2 3 .9 , 1 2 5 .0 , 1 2 5 .6 , 1 2 8 .0 , 1 3 3 .5 , 1 5 6 .2 ,
1 6 2 .0 , 1 6 3 .5 , 1 7 8 .4 . An al . (C 1 8 H 1 6 O 3) C , H .

4!-I sopr opox y f l avone (35 ). T h e t i t l e com p ou n d w as sy n -
t h esi z ed i n t h e sam e m an n er as 40 u si n g 0 .0 7 5 g (0 .3 1 5 m m ol )
of 33, 2 5 m L of d r y aceton e, 0 .0 7 8 g (0 .6 3 0 m m ol ) of 2 -b r om o-
p r op an e, an d 0 .2 1 8 g (1 .5 8 m m ol ) of an h y d r ou s K 2 C O 3 h eat i n g
at r efl u x for 1 2 h to g i v e an off-w h i t e p ow d er . T h e p ow d er w as
su b ject ed to C C u si n g 7 :3 h ex an es/E t O Ac to y i e l d 0 .0 4 1 g of
p u r e 35 : 4 7 %, w h i t e p ow d er , m p 1 0 2 ¡C ; 1 H N M R (C D C l 3) !
1 .3 9 (s), 1 .4 0 (s), 4 .6 7 (m ), 6 .7 5 (s), 7 .0 0 (A of A2 B 2), 7 .4 1 (d d d ,
J ) 8 .4 , 7 .0 , 0 .8 H z ), 7 .5 5 (d d , J ) 8 .4 , 1 .2 H z ), 7 .6 9 (d d d , J )
8 .4 , 7 .0 , 1 .2 H z ), 7 .8 7 (B of A2 B 2), 8 .2 3 (d d , J ) 8 .0 , 1 .2 H z );
1 3C N M R (C D C l 3) ! 2 1 .9 , 7 0 .2 , 1 0 6 .0 , 1 1 5 .9 , 1 1 7 .9 , 1 3 2 .5 , 1 2 3 .9 ,
1 2 5 .0 , 1 2 5 .6 , 1 2 8 .0 , 1 3 3 .5 , 1 5 6 .2 , 1 6 0 .9 , 1 6 3 .5 , 1 7 8 .4 . An al .
(C 1 8 H 1 6 O 3) C , H .

4!-Et hox y f l avone (36). T o a 1 0 0 -m L t h r ee-n eck r ou n d -
b ot tom fl ask w er e ad d ed 0 .0 7 8 g (0 .3 2 7 m m ol ) of 33, 2 5 m L
d r y aceton e, 0 .2 3 7 g (1 .3 1 m m ol ) of b r om oet h an e, an d 0 .2 2 6 g
(1 .6 3 m m ol ) of an h y d r ou s K 2C O 3. T h e r eact i on fl ask w as p l aced
i n a 3 7 ¡C oi l b at h an d st i r r ed for 1 7 h . T h e r eact i on w as t h en
al l ow ed to cool t o r oom t em p er at u r e, p ou r ed i n to a sol u t i on of
b r i n e, t h e aceton e r em ov ed i n v acu o, an d t h e or g an i cs ex -
t r act ed w i t h E t O Ac. T h e E t O Ac w as d r i ed w i t h M g S O 4 ,
fi l t er ed , an d r em ov ed i n v acu o to y i e l d a w h i t e p ow d er of n ear
p u r e 36. T h e p ow d er w as su b ject ed to C C u si n g 7 :3 h ex an es/
E t O Ac to y i el d 0 .0 7 6 g of p u r e 36: 8 7 %, w h i t e am or p h ou s sol i d ,
m p 1 2 2 - 1 2 3 ¡C ; 1 H N M R (C D C l 3) ! 1 .4 7 (t ), 4 .1 3 (q ), 6 .7 6 (s),

7 .0 2 (A of A2 B 2), 7 .4 2 (d d d , J ) 8 .0 , 7 .6 , 1 .2 H z ), 7 .5 6 (d d , J )
7 .6 , 1 .2 H z ), 7 .7 0 (d d d , J ) 8 .6 , 7 .0 , 1 .4 H z ), 7 .8 9 (B of A2 B 2),
8 .2 4 (d d , J ) 8 .0 , 1 .6 H z ); 1 3 C N M R (C D C l 3) ! 1 4 .7 , 6 3 .8 , 1 0 6 .2 ,
1 1 4 .9 , 1 2 3 .9 , 1 2 4 .0 , 1 2 5 .0 , 1 2 5 .7 , 1 2 8 .0 , 1 3 3 .5 , 1 5 6 .2 , 1 6 1 .8 ,
1 6 3 .5 , 1 7 8 .4 . An al . (C 1 7 H 1 4 O 3) C , H .

4!-Al l y l ox y f l avone (37). T h e t i t l e com p ou n d w as sy n t h e-
si z ed i n t h e sam e m an n er as 40 u si n g 0 .0 7 5 g (0 .3 1 5 m m ol ) of
33, 2 5 m L of d r y aceton e, 0 .0 7 6 g (0 .6 3 0 m m ol ) of al l y l b r om i d e,
an d 0 .2 1 8 g (1 .5 8 m m ol ) of an h y d r ou s K 2 C O 3 h eat i n g at r efl u x
for 1 8 h to y i e l d a b r ow n -w h i t e p ow d er . T h e p ow d er w as
su b ject ed to C C u si n g 7 :3 h ex an es/E t O Ac to y i e l d 0 .0 6 5 g of
n ear p u r e 37. T h i s sam p l e w as r ecr y st a l l i z ed fr om h ot 9 9 :1
h ex an es/E t O Ac to y i e l d 0 .0 5 0 g of p u r e 37: 5 7 %, w h i t e fi b r ou s
cr y st a l s, m p 1 0 8 - 1 0 9 ¡C ; 1 H N M R (C D C l 3) ! 4 .6 4 (d d , J )
5 .2 , 1 .6 H z ), 4 .6 5 (d d , J ) 3 .2 , 1 .6 H z ), 5 .3 5 (d d , J ) 1 0 .2 , 1 .6
H z ), 5 .4 6 (d d , J ) 1 7 .2 , 1 .6 H z ), 6 .0 8 (d d d d , J ) 1 7 .2 , 1 0 .2 ,
5 .2 , 3 .2 H z ), 6 .7 6 (s), 7 .0 5 (A of A2 B 2), 7 .4 2 (d d d , J ) 8 .4 , 7 .0 ,
0 .8 H z ), 7 .5 6 (d d , J ) 8 .4 , 0 .8 H z ), 7 .7 0 , (d d d , J ) 8 .4 , 7 .0 , 2 .0
H z ), 7 .8 9 (B of A2 B 2), 8 .2 4 (d d , J ) 7 .6 , 1 .6 H z ); 1 3 C N M R
(C D C l 3) ! 6 9 .0 , 1 0 6 .3 , 1 1 5 .2 , 1 1 8 .0 , 1 1 8 .3 , 1 2 4 .0 , 1 2 4 .2 , 1 2 5 .1 ,
1 2 5 .7 , 1 2 8 .0 , 1 3 2 .5 , 1 3 3 .6 , 1 5 6 .2 , 1 6 1 .4 , 1 6 3 .3 , 1 7 8 .4 . An al .
(C 1 8 H 1 4 O 3) C , H .

4!-(2 !!-Hydr ox yethyl )f lavone (38 ). T o a 1 0 0 -m L th r ee-n eck
r ou n d -b ot tom fl ask w er e ad d ed 0 .0 7 5 g (0 .3 1 5 m m ol ) of 33, 2 5
m L of d r y aceton e, 0 .0 7 5 g (0 .3 1 5 m m ol ) of (2 -b r om oet h ox y )-
ter t -b u t y l d i m eth y l si l an e, an d 0 .2 1 8 g (1 .5 8 m m ol ) of an h y d r ou s
K 2 C O 3 . T h e r eact i on sol u t i on w as h eat ed at r efl u x for a tot a l
of 9 h w i t h 2 sep ar at e ad d i t i on s of 1 eq u i v of (2 -b r om oet h ox y )-
ter t -b u t y l d i m et h y l si l an e ad d ed at 2 an d 5 h . T h e r eact i on
sol u t i on w as t h en cool ed to r oom t em p er at u r e, p ou r ed i n to a
sol u t i on of b r i n e, t h e aceton e r em ov ed i n v acu o, an d t h e
or g an i cs ex t r act ed w i t h E t O Ac. T h e E t O Ac w as d r i ed w i t h
M g S O 4, fi l t er ed , an d r em ov ed i n v acu o to y i el d a w h i t e p ow d er .
T h e sam p l e w as su b ject ed to C C u si n g 1 :1 h ex an es/E t O Ac to
y i e l d 0 .0 3 0 g of t h e p u r e et h er (2 4 %, w h i t e m i cr ocr y st a l l i n e
p ow d er ). T h e et h er an d 1 5 m L of T H F w er e ad d ed to a 5 0 -m L
t h r ee-n eck r ou n d -b ot tom fl ask an d t h e r eact i on sol u t i on cool ed
to 0 ¡C b y an i ce b at h . Aft er st i r r i n g 1 0 m i n , 0 .2 m L of
t et r ab u t y l am m on i u m fl u or i d e (T B AF , 1 .0 M i n T H F ) w as
ad d ed an d t h e r eact i on st i r r ed for 3 0 m i n at 0 ¡C . T h e con t en t s
of t h e fl ask w er e t h en p ou r ed i n to w at er , T H F r em ov ed i n
v acu o, an d t h e or g an i cs ex t r act ed w i t h E t O Ac. T h e E t O Ac w as
d r i ed w i t h M g S O 4 , fi l t er ed , an d r em ov ed i n v acu o to y i e l d a
w h i t e p ow d er . T h e p ow d er w as su b ject ed to C C u si n g 3 :7
h ex an es/E t O Ac to y i e l d 0 .0 1 8 g of p u r e 38 : 8 6 %, w h i t e
m i cr ocr y st a l l i n e p ow d er , m p 1 4 2 - 1 4 3 ¡C ; 1 H N M R (m et h an ol -
d 4) ! 3 .9 3 (m , 2 H ), 4 .1 5 (m , 2 H ), 6 .8 4 (s), 7 .1 5 (A of A2 B 2), 7 .5 0
(d d d , J ) 8 .4 , 7 .2 , 0 .8 H z ), 7 .7 2 (d d , J ) 8 .4 , 0 .8 H z ), 7 .8 2 (d d d ,
J ) 8 .4 , 7 .0 , H z ), 8 .0 2 (B of A2 B 2), 8 .1 4 (d d , J ) 8 .4 , 1 .6 H z );
1 3 C N M R (m et h an ol -d 4) ! 6 1 .7 , 7 1 .1 , 1 0 6 .3 , 1 1 6 .4 , 1 1 9 .5 , 1 2 4 .7 ,
1 2 5 .0 , 1 2 6 .3 , 1 2 6 .8 , 1 2 9 .6 , 1 3 5 .7 , 1 5 7 .9 , 1 6 3 .9 , 1 6 6 .2 , 1 8 0 .7 .
An al . (C 1 7 H 1 4 O 4), C , H .
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N at i on al Sci en ce F ou n d at i on (N S F ) G r an t C H E 9 6 1 9 2 1 3
an d C ol or ad o S tat e U n i v er si t y Ag r i cu l t u r al E x p er i m en t
S t at i on P r oject 1 5 -2 7 1 to F .R .S . an d b y N at i on al I n st i -
t u t es of H eal t h G r an t G M 5 4 4 1 2 to K .L . S u p p or t for J.
J. w as fr om an N S F R esear ch E x p er i en ce for U n d er -
g r ad u at e g r an t , an d T .B . w as su p p or t ed b y a C am i l l e
an d H en r y D r ey fu s F ou n d at i on S en i or Sci en t i st M en tor
Aw ar d to F .R .S .

Ref er ences
(1 ) S i m on , S . M .; S ch i n d l er , M . C el l B i ol og i ca l M ech an i sm s of

M u l t i d r u g R esi st an ce i n T u m or s. P r oc. N at l . Acad . S ci . U .S .A.
1994, 9 1 , 3 4 9 7 - 3 5 0 4 .

(2 ) G ot t esm an , M . M .; P ast an , I . B i och em i st r y of m u l t i d r u g r esi s-
t an ce m ed i at ed b y t h e m u l t i d r u g t r an sp or t er . An n u . R ev .
B i och em . 1993, 6 2 , 3 8 5 - 4 2 7 .

(3 ) (a) N i k a i d o, H . P r ev en t i on of d r u g access to b act er i a l t ar g et s:
p er m eab i l i t y b ar r i er s an d act i v e effl u x . S ci en ce1994, 2 6 4 , 3 8 2 -
3 8 7 . (b ) H si eh , P .-C .; S i eg el , S . A.; R og er s, B .; D av i s, D .; L ew i s,
K . B act er i a l ack i n g a m u l t i d r u g p u m p : A sen si t i v e tool for d r u g
d i scov er y . P r oc. N at l . Acad . S ci . U .S .A. 1998 , 9 5 , 6 6 0 2 - 6 6 0 6 .

F l av on ol i g n an / F l av on e I n h i b i tor s of a S .a . M D R P u m p Jou r n a l of M ed i ci n a l C h em i st r y, 2 0 0 1 , Vol . 4 4 , N o. 2 2 67



(4 ) N ey fak h , A. A.; B or sch , C . M .; K aat z , G . W . F l u or oq u i n ol on e
r esi st an ce p r ot ei n N or A of S tap h yl ococcu s au r eu s i s a m u l t i d r u g
effl u x t r an sp or t er . An t i m i cr ob . Ag en t s C h em ot h er . 1993, 1 2 8 -
1 2 9 .

(5 ) M ar k h am , P . H .; W est h au s, E .; K l y ach k o, K .; Joh n son , M . E .;
N ey fak h , A. A. M u l t i p l e n ov el i n h i b i t or s of t h e N or A m u l t i d r u g
t r an sp or t er of S t ap h yl ococcu s au r eu s. An t i m i cr ob . Ag en t s.
C h em ot h er . 1999, 4 3 , 2 4 0 4 - 2 4 0 8 .

(6 ) N el son , M . L .; P ar k , B . H .; L ev y , S . B . M ol ecu l ar r eq u i r em en t s
for t h e i n h i b i t i on of t h e t et r acy cl i n e an t i p or t p r ot ei n an d t h e
effect of p ot en t i n h i b i t or s on t h e g r ow t h of t et r acy cl i n e-r esi st an t
b act er i a . J . M ed . C h em . 1994, 3 7 , 1 3 5 5 - 1 3 6 1 .

(7 ) R en au , T . E .; L e«g er , R .; F l am m e, E . M .; S an g a l an , J.; S e, M .
W .; Yen , R .; G an n on , C . L .; G r i ffi t h , D .; C h am b er l an d , S .;
L om ov sk ay a, O .; H eck er , S . J.; L ee, V. J.; O h t a, T .; N ak ay am a,
K . I n h i b i t or s of effl u x p u m p s i n P seu d om on as aer u g i n osa
p ot en t i at e t h e act i v i t y of t h e fl u or oq u i n ol on e an t i b act er i a l
l ev ofl ox aci n . J . M ed . C h em . 1999, 4 2 , 4 9 2 8 - 4 9 3 1 .

(8 ) S t er m i t z , F . R .; L or en z , P .; T aw ar a, J. N .; Zen ew i cz , L . A.; L ew i s,
K . S y n er g y i n a m ed i ci n a l p l an t : an t i m i cr ob i a l act i on of b er -
b er i n e p ot en t i at ed b y 5 !-m eth ox y h y d n ocar p i n , a m u l t i d r u g p u m p
i n h i b i t or . P r oc. N at l . Acad . S ci . U .S .A. 2 000, 9 7 , 1 4 3 3 - 1 4 3 7 .

(9 ) S t er m i t z , F . R .; T aw ar a-M at su d a, J.; L or en z , P .; M u el l er , P .;
Zen ew i cz , L .; L ew i s, K . 5 !-M eth ox y h y d n ocar p i n -D an d p h eop h or -
b i d e a: B er b er i s sp eci es com p on en t s t h at p ot en t i at e b er b er i n e
g r ow t h i n h i b i t i on of r esi st an t S t ap h yl ococcu s au r eu s. J . N at .
P r od . 2 000, 6 3 , 1 1 4 6 - 1 1 4 9 .

(1 0 ) G u z , N . R .; S t er m i t z , F . R . S y n t h esi s an d st r u ct u r es of r eg i oi -
som er i c h y d n ocar p i n -t y p e fl av on ol i g n an s. J . N at . P r od . 2 000,
6 3 , 1 1 4 0 - 1 1 4 5 .

(1 1 ) S h e, X.; G u , W .; W u , T .; P an , X. A con v en i en t sy n t h esi s of (( )-
3 -m eth ox y b en zod i ox an e-4 ,9 ,9 !-t r i ol n eol i g n an , an d m eth y l et h er s
of i soam er i can ol A an d i soam er i can i n A. J . C h em R es. 1999,
1 0 0 - 1 0 1 .

(1 2 ) M er l i n i , L .; Zan ar ot t i , A.; P el t er , A.; R och efor t , M . P .; H a¬n sel ,
R . B en z od i ox an s b y ox i d at i v e p h en ol cou p l i n g . S y n t h esi s of
si l y b i n . J . C h em . S oc., P er k i n T r an s. 1 198 0, 7 7 5 - 7 7 8 .

(1 3 ) C ar d on a, M . L .; G ar ci a , B .; P ed r o, J. R .; S i n i st er r a , J. F .
F l av on oi d s, fl av on ol i g n an s an d a p h en y l p r op en oi d fr om O n op o-
r d on cor ym b osu m . P h ytoch em i st r y 1990, 2 9 , 6 2 9 - 6 3 1 .

(1 4 ) An t u s, S .; S el i g m an n , O .; W ag n er , H . D i e en d g u¬l t i g e st r u k t u r
v on am er i can i n -A u n d h y d n ocar p i n . L i eb i g s An n . C h em . 198 6,
6 4 7 - 6 5 4 .

(1 5 ) Afi fi , M . S .; Ah m ed , M . M .; P ez z u to, J. M .; K i n g h or n , A. D .
C y totox i c fl av on ol i g n an s an d fl av on es fr om Ver b ascu m si n a i t i -
cu m l eav es. P h ytoch em i st r y 1993, 3 4 , 8 3 9 - 8 4 1 .

(1 6 ) S h e, X.; Ji n g , X.; P an , X.; C h an , A. C .; Yan g , T . T ot a l sy n t h esi s
of (( )-si n a i t i ci n . T et r ah ed r on L et t . 1999, 4 0 , 4 5 6 7 - 4 5 7 0 .

(1 7 ) K i k u ch i , Y.; M i y a i ch i , Y.; T om i m or i , T . S t u d i es on N ep al ese
C r u d e D r u g s. XI V. N ew fl av on oi d s fr om t h e r oot of S cu tel l ar i a
p r ost r a ta Jacq . ex B en t h . C h em . P h ar m . B u l l . 1991, 3 9 , 1 4 6 6 -
1 4 7 2 .

(1 8 ) An t u s, S .; B a i t z -G a«cs, E .; G ot t seg en , A.; K ov a«cs, T .; S z u n y og ,
J.; T o«t h , T . S .; W ag n er , H . T ot a l sy n t h esi s of r ac-si l an d r i n , an
an t i h ep atotox i c fl av an ol i g n an . L i eb i g s An n . C h em . 1993, 1 0 5 -
1 0 9 .

(1 9 ) E n d i cot t , J. A.; L i n g , V. T h e b i och em i st r y of P -g l y cop r ot ei n
m ed i at ed m u l t i d r u g r esi st an ce. An n u . R ev . B i och em . 198 9, 5 8 ,
1 3 7 - 1 7 1 .

(2 0 ) B er g er , D .; C i t ar e l l a , R .; D u t i a , M .; G r een b er g er , L .; H a l l et , W .;
P au l , R .; P ow el l , D . N ov el m u l t i d r u g r esi st an ce r ev er sa l ag en t s.
J . M ed . C h em . 1999, 4 2 , 2 1 4 5 - 2 1 6 1 .

(2 1 ) P r i n sep , M .; P at t er son , G . M . L .; L ar sen , L . K .; S m i t h , C . D .
T ol y p or p h i n s J an d K , t w o fu r t h er p or p h i n oi d m et ab ol i t es fr om
t h e cy an ob act er i u m T ol yp ot h r i x n od osa. J . N at . P r od . 1998 , 6 1 ,
1 1 3 3 - 1 1 3 6 .

(2 2 ) D ay an , G .; Jau l t , J.-M .; B au b i ch on -C or t ay , H .; B ag g et t o, L . G .;
R en oi r , J.-M .; B au l i eu , E .-E .; G r os, P .; P i et r o, A. B i n d i n g of
st er oi d m od u l ator s to r ecom b i n an t cy tosol i c d om ai n fr om m ou se
P -g l y cop r ot ei n i n cl ose p r ox i m i t y t o t h e AT P si t e. B i och em i st r y
1997, 1 5 2 0 8 - 1 5 2 1 5 .

(2 3 ) R osen b er g , M . F .; C a l l ag h an , R .; F or d , R . C .; H i g g i n s, C . F .
S t r u ct u r e of t h e m u l t i d r u g r esi st an ce P -g l y cop r ot ei n to 2 .5 n m
r esol u t i on d et er m i n ed b y el ect r on m i cr oscop y an d i m ag e an al y -
si s. J . B i ol . C h em . 1997, 1 0 6 8 5 - 1 0 6 9 4 .

(2 4 ) L ew i s, K . M u l t i d r u g R esi st an ce E ffl u x . I n T r an sp or t of M ol ecu l es
Acr oss M i cr ob i a l M em b r an es; B r oom e-S m i t h , J. K ., B au m b er g ,
S ., S t i r l i n g , C . J., W ar d , F . B ., E d s.; C am b r i d g e U n i v er si t y
P r ess: C am b r i d g e, 1 9 9 9 ; p p 1 5 - 4 0 .

(2 5 ) v an Veen , H . W . O .; C a l l ag h an , R .; S ocen ean t u , L .; S ar d i n i , A.;
K on i n g s, W . N .; H i g g i n s, C . F . A b act er i a l an t i b i ot i c-r esi st an ce
g en e t h at com p l em en t s t h e h u m an m u l t i d r u g -r esi st an ce P -
g l y cop r ot ei n g en e. N at u r e 1998 , 3 9 1 , 2 9 1 - 2 9 5 .

(2 6 ) C on sei l , G .; B au b i ch on -C or t ay , H .; D ay an , G .; Jau l t , J. M .;
B ar r on , D .; D i P i et r o, A. F l av on oi d s: A cl ass of m od u l ator s w i t h
b i fu n ct i on al i n t er act i on at v i ci n al AT P- an d st er oi d -b i n d i n g si t es
on m ou se P -g l y cop r ot ei n . P r oc. N at l . Acad . S ci . U .S .A. 1998 , 9 5 ,
9 8 3 1 - 9 8 3 6 .

(2 7 ) F er t e«, J.; K u¬h n el , J.; C h ap u i s, G .; R ol l an d , Y.; L ew i n , G .;
S ch w al l er , M . F l av on oi d -R el at ed M od u l ator s of M u l t i d r u g R e-
si st an ce: S y n t h esi s, P h ar m acol og i ca l Act i v i t y , an d S t r u ct u r e-
Act i v i t y R el at i on sh i p s. J . M ed . C h em . 1999, 4 2 , 4 7 8 - 4 8 9 .

(2 8 ) B oi s, F .; B en ey , C .; B ou m en d je l , A.; M ar i ot t e, A.; C on sei l , G .;
D i P i et r o, A. H al og en at ed ch al con es w i t h h i g h -affi n i t y b i n d i n g
to P -g l y cop r ot ei n : P ot en t i a l m od u l ator s of m u l t i d r u g r esi st an ce.
J . M ed . C h em . 198 8 , 3 1 , 4 1 6 1 - 4 1 6 4 .

(2 9 ) Zam or a, J. M .; P ear ce, H . L .; B eck , W . T . P h y si ca l -ch em i ca l
p r op er t i es sh ar ed b y com p ou n d s t h at m od u l at e m u l t i d r u g
r esi st an ce i n h u m an l eu k em i a cel l s. M ol . P h ar m acol . 198 8 , 3 3 ,
4 5 4 - 4 6 5 .

(3 0 ) T eod or i , E .; D ei , S .; Q u i d u , P .; B u d r i esi , R .; C h i r ar i n i , A.;
G ar n i er -S u i l l er ot , A.; G u al t i er i , F .; M an et t i , D .; R om an el l i , M .
N .; S cap ecch i , S . D esi g n , sy n t h esi s, an d i n v i t r o act i v i t y of
cat am p h i l i c r ev er t er s of m u l t i d r u g r esi st an ce: D i scov er y of a
sel ect i v e, h i g h l y effi caci ou s ch em osen si t i z er w i t h p ot en cy i n t h e
n an om ol ar r an g e. J . M ed . C h em . 1999, 4 2 , 1 6 8 7 - 1 6 9 7 .

(3 1 ) H i essb o¬ck , R .; W ol f, C .; R i ch t er , E .; M i t z l er , M .; C h i b a, P .;
K r at z e l , M .; E ck er , G . S y n t h esi s an d i n v i t r o r esi st an ce m od u -
l at i n g act i v i t y of a ser i es of d i h y d r ob en z op y r an s an d t et r a-
h y d r oq u i n ol i n es. J . M ed . C h em . 1999, 4 2 , 1 9 2 1 - 1 9 2 6 .

(3 2 ) B og er , D . L .; S oen en , D . R .; B oy ce, C . W .; H ed r i ck , M . P .; Ji n ,
Q . T otal sy n th esi s of n i n g al i n B u t i l i z i n g a h et er ocy cy l i c azad i en e
D i e l s- Al d er r eact i on an d d i scov er y of a n ew cl ass of p ot en t
m u l t i d r u g r esi st an t (M D R ) r ev er sal ag en t s. J . O r g . C h em . 2 000,
6 5 , 2 4 7 9 - 2 4 8 3 .

(3 3 ) W r i g h t , G . D . R esi st i n g R esi st an ce: N ew C h em i cal S t r at eg i es
for B at t l i n g S u p er b u g s. C h em . B i ol . 2 000, 7 , R 1 2 7 - R 1 3 2 .

JM 0 0 0 4 1 9 0

2 68 Jou r n a l of M ed i ci n a l C h em i st r y, 2 0 0 1 , Vol . 4 4 , N o. 2 G u z et a l .


