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~~inetioflofawidevuietyolC~c~~~~hrs~wnthrtthesignoftheCDbondat 
25&275 nm is diagnostic of the point of attachment of the glycosyl residue to tke pbcnotic moisty. A positive CD 
brad a( 250-275 MI hdicates a &c-linkage, as in isovitexia, whereas a negative CD band in this ngion indicates an 
B-C- linkage, aa in vitexia. 6,8-IN+QtlycosyUlavo1tes pnerally show two CD bands at 250-275 nm, a positive 
one at 263-275 ian aad a negative one at 250-267. nm. PreWnary studies on C-a~ycosyltkonea indicate that 
both 6G and S-C- homers show a aegative CD band at 2X+-275~1. The &optical properties of C-&- 
~y~v~s are exphiaed by proposh a quadraat rule based upon the sub&ifuted beazx@ corned 
present ia these mokcuks. 

C-Glycosylflavones are compounds in which the glycosyl 
residue is attached to the aglycone by a C-C bond. The 
first crystalline C-glycosyl compound was isolated in 
1~1~~~~19~s~~~s~~n~~ 
~~~ stmctures for these compounds.’ Since then 
a large number of C-giycosyMavones have been isolated 
from various plant sources, in&ding dicotyledons, 
monocotyledons, ferns, mosses and green algae. A 
recurring problem in the structure determination of 
isomeric C-giycosyMavones, such as vitexin (1) and iso- 
vitexin (21, is as&nment of the posit&8 of avant of 
the glycosyl residue to the Ravoae. Methods that have 
been used for this purpose include PMR spectra of 
acetyl derivatives’, mass spectra’ and RF values.’ These 
methods, however, require the preparation of derivatives 
of the parent compound, or may require that both 
isomers be on hand for comparison. We have found that 
CD ~~~~a~ can be used to acne 6- and 
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‘ThesigoofaCDbandat27~nmhasheeafoundto 
depeadupoatIlealwmericcci&WahforsoaIearyla-aad 
/?-D+copyraaosida-s~ and -q@wpyral&hwnic acids’. Also, 
CD baads at 245-27s am in phenyl o- aad ~-~glucopyraaoWr 
have been foWr to be posiIive and ne&ve, respectively. 

‘For related CD studies on hvoac gIycosides. = Ref. 8. 

G-C-&glycosyMavones and we propose a benxoyl sector 
rule to account for the differing chiroptic4 properties. 

R&SILTS 
C~ly~yl~v~ show absorption maxima in three 

regions of the UV spectrum. These maxima occur at 
MO-340 nm, at 250-275 nm and near 215 nm with ex- 
tinction coefficients of 15,00&25,tMM. At least one CD 
band was observed in each of the three absorption 
regions. Examination of over 40 compounds (Chart f, 
T~l)~~~~~~CD~at~~ 
tow wavelength are of little value in providing structural 
information, the sign of the CD band at 2S0-275~1 is 
determined by the position of the C-/3-glycosyl residue 
on the tlavone. A positive CD band at 25&275 nm in- 
dicates tbat the giycosyl residue is linked to C-6 of the 
fkvone, whereas a negative band indicates that it is 
Rnked to C-8. These conclusions refer to ~-~~ycopy- 
ranosyf derivatives, which are almost always the 
naturally occurring isomers, and to a-Larabinopyranosyl 
derivatives, which are stn&umlly similar to J?-D-gly- 
copyranosyl derivatives.’ Limited studies on C-a-t&y- 
cosyMavones, where the glycosyl residue is attached to 
the ftavone by an axial bond, have shown no correlation 
between CD and structme. In a previous report, we 
noted’ that 6~~~~~~~~~0~s showed CD bands 
at high and low wavelength of ma&ude similar to those 
of monosubstituted C-glycosylflavones. while the CD 
bandW at 25M75nm was gtWIy reduced. Thus, a 
canceIIing effect was observed upon disubstitation. Our 
subsequent atudkhave shown that the magnimde of the 
CD bnnds at 250-27s MI of ~~y~y~vo~s my be 
as large as dme of rnon~~y~~vo~s. The d&C- 
$ycosyltlavones are usually characterixed by IWO CD 
bands of opposite sign at 250-275~1. whereas the 
monosubstituted isomers have only one CD band in this. 
range.’ Au subsequent discussion of CD bands in this 
paperreferstothe2%275nmre$ion. 
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The CD bands of vitexin heptaacewc, 3, and isovi- 
tcxia heptamtate, 4, d&r in magnitude but not in sign 
from those of the parent !lavoIle!S, 1 and 2, rcspcctivdy. 
The CD band of 6-bromovitexin. 5, is about hvo-thirds 
the magnitude of the CD band of 1, but the sign is 
negative for both of these bands. Thus, a 6-C substituent 
does not greatly affect the CD of an &C-gh~~osylflavone 
when the substituent lies in the plane of the A-ring. 
Various B-riug substituents at positions 3’ and 4’ have 
little effect on the CD band as shown by the 8-C- 
glucosylllavo~ 67, and 8 and the 6-C-ghlc4Myl5vones 
9, I@ 11 aad 12. 

Forming a methyl or acetyl. derivative of the ghcosyl 
moiety in &C-isomers, (e.g. &I3 and 14) has little effect 
onthemagnitudeoftheCDbandnlativeto1,whereas 
mctdi6cath of the carbohydrate in 6-C.-glucosylllavoues 
(4, ls, 14 and 17) increawstbeCDbandtwoorthreefold 
over that of 2. This increaM mSybeduetoWatioMl 
i!Sonleri8m of the carbohydrate about the c-6, C-1’ bond 
(see below). Sub&it&n of another carbohydrate resi- 
dueontbe~yl~~ofeitba6C(l8,19lod~’ 

or 8-Cglucosylflavoncs (21) daes not markedly affect the 
CD. 

The effect of d&rent C-2” substituents upon the CD is 
iUusuated by 2%/ht~xylosylvitexia (22) and SO-P 
hydroxybenxoyivitexin (23). The CD of 22 ditTcrs little 
fromthatof1,wkeastheCDbandof23isnearlythree 
timesaslargeasthatofl.ThisenhancementoftbeCD 
band may be due to an additional contribution from the 
p-hydroxybeazoyl cbromopbofe, an a&ration of the 
carbohydrate conformation, or from electronic inter- 
action of the benxoyl chromo9bore at C-T with the 
benxoyl thromophore of the A-ring. 

several glycusyl residues, other than @-D-@cosyl 
were examined as 6- or 8-substituents in c-giy- 
co!Sylhwnes. 6-C-@-D-Galactopyranosyl (M), 6-C-@-P 
XYlopWYl (29.) and (m and 6-C-a-L 
arabinopyranosyl(27) derivativea of various flavoaes au 
gaveapo&iveCDba1~I(Fig.1)altbo@tbeinten&of 
thebandvariedwi&ly~thisaroupofcompolmds. 
&C-B_ (29) gave a ne@ive CD 
bandwbichwasrou$dyow-baMthatof1.Acetylation 
of the ambinueyl derivative 27, to yield 29, did not 
apprecUyaltertbeCDcompamitotheef$ctthat 
acetyMonMon2.CDatudies~~~~ 
alui permethyhted (31 and 32) c-a-Mtumaw 
bavesbowatbatbothC~udC-%iaomersexbibita 
negathCDbandat2sa-275nm.Tlms,tojudgefr0al 
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position of subrtmmon if the olycolyl residue exists in 
the 1c conformatioll aad is axially substituted at the 
l-position. 

IX-C-$yCOSy&&WOllC 
M 6,8di-C-3Iycosylllavoncs (33-43), except the 

lutdin derivative 4& and the rhamosyl-contriniag 
compound42,dibitcdhvoCDbadsat250-27Snm,a 
positiveCDbdat263-275~1adoncgatIveCDbmd 
at250-262nm(F’i3.2).TkCDspectraofarabhosyl- 
containill di&co8yI~colnpolulds # and 39 were note= 
woptbysinccthepnbiwayl~uegaveriac,to~ 
CDbdtbmtheglucmylrcs~~~~~ 
wmda3th,bmldQaiprttd . 
rabiawybWIpod3),wbsreutbCpoairive&i3bEf 

the CD of the 6X!- 

f) Also contains a 3-OH substituent 

Exammaw of two 8avanoI glyco!3ides where the 
carbobydmtei8bondcdtorpiledicoxy3cnatomhas 
shvnthattilc8-~-~oside443aveaCDband5-6 
times 3mtcr than that of the 7-B-~-3ld 43. CD 
lnee!#unmsnts have been u!?cd receatly to ctitl@P 
isomeric 70 ad 4W~4ycosyli8oUavoncs and 3-O-& 
glycosyuIavones. 

Vatiable tempemtun stnak 
VhbJe tmpemue CD curvea of vitexin 

IMptmwm (3) alul i8ovitexin llcptamtate (41 arc 
abowo ia IJig& 3 and 4, ruyectivcly. 

TheintdtyofcachCDbandinthetwoisomers 
iocrmes upon lowefiqg the tmpgature. In prticutr, 
tbe25&27SnmCDband incmsesin~abollt 
thracfddin3mdneaflytwof~ioI.Atlowtempc!.re- 
tme (--no to -14V), most of tk molecules of tk. 
isomwicC&cmyIkv~arepmbabIyfroxenina 
si&pmfwredd~~tbc~275nmCD 



3 
5! 
It 

:a: 

2ol- 

20- 

10- 

o- 

NI- 

ao, 
200 

I I 1 I I I f 

- b-g-Am 

---- b-+Gd 

-- 6--GGk 

I I I I I I I 

2so 

X EnI 250 400 

pir. I. Effect of d&oat csrbohydratos upon tha CD of 6.C. 
glyoosylllrvonos. CD spcctm of 6-C-MkiPopyrrmoQylap~nin 
m C-1. =lamPmYw (24~(---), 6-ylfco- 

m 

rs! 
I 

- b-~-GIG. I-g-Am 
:..a . . . . . . . . b_eh s_S_#& 

I ---- b-C-Gk, E_r-~k I 

aa 

0 

-2b 

Y 
P 
X 

c-l 

t-m 

-60 

-so 

40 

20 

3 

9 O 

x 

z 

-24 

-44 

sorplion band at 230-mum in mbstituted 
acGtopbutones has been letttatively*~'J as an in- 
watnolecular c~sfer lraaaoa h which the 
ttutsition moatent is directd”~from lbe pam p4Psilhof 
theaixtophnoneriaptowardtheCO~,asitt1(.To 
de!bmaquadran~wetakeasuymmmyplanesoftlte 
bcwyl clwomopherc the plane of the arwatic A-ring 
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OH 0 

4s 47 

%+&+$3pOH 

AcO OAc Br 
48 

49 

andap~perpendi+artotheA-ringandcontainiqt 
PO ~~;oment. View@ the &one from the . . 

Uanmtum moment, t&e sector d&am 
shownin47isobtained.Tbe+1oftbeCDbandrelated 
to the charge-transfer tmnsii should be determii by 
whichever sector or sectors are predominantly occupied 
by the asymmetric substkuent or pernub@ group, 
which is the carbohydrate 9roup in a C-glycosy&lavoue. 

‘fbesiguoftberotatkmalpertmWkduetoagroup 
lyinginaparti&usectorcanbcdeducedempiriadlyby 
deWmi&~ the preferred conformation of the Cgly- 
cosyMavoneandthenrehu@theobservedCDbandto 
the sector co&bution given by this conformation. Two 
lines of evidence define the preferred conformation of 
c~ycosylnavoues Fit, pmr studks~‘r’r have shown 
49 to be the mbst likely conformation of vitexin 
tleptaaceMe(3)becausethe2%acetylguupappearsto 
be shielded by the A-riog and the 6”-09cetyl9roup by 
the B-r& In 49, most of the atoms of the carbohydrate, 
particularly those nearest tbe benxoyl chromophore, lie 
in the upper right quadrant.’ !kcond, an X-ray crystallo- 
&raphlc studyl” of 3’,6dibromo-2”,3“,4’,4”,6”,7- 
hexaacetylvitexin has shown that the plane of the 
pyranosyl rin9 is approximately perpendicular to the 
benxopyrone Iin9 with the r-acetoxy goup located over 
the beterocyclic ring, approximately baifway between 
the 7-acetoxy qroup and the B-r@, as in 49. In both 
conformations, the 9lycosyl residue of 48 and 49 pre- 
dominantly occupies the upper riqht quadrant. Both 6-C 
and 8-Cglycosylflavones have been shown by PMR to 
exhibit rotational isomerism with the 6-Cisomers more 
heavily wei&?d toward one conformer than the 8-C 
isomers. 

!Since all the IIC-~~ycosyulavones examined gave 
neqative CD bands at 259-27Snm,’ the upper r&t 
quadrant may be assigned a ne&ve sign. 

Theremaiuingsectorsareasl@edalkmatin9si9ns. 

‘nictnMi~momentforthc230-26onmbMdofbeazoic 
acidistikd6.Ytowardtkcarbonylgroupfromtheaxisin 
quertion.‘~ 

3i6chbr6f6ml66d~6’~CDknd6t25Olun 
mbk 0. 

resultingillthesignedsectordiagram47.Thus,the 
oppositely sigred 259-275~1 CD band of the 6C 
substituted Uavones would be due to the major con- 
formerpredomktly occupy&tkupperleftquadrant. 
FbrthersupportforthesecouclusiunsisfoundintbeCD 
spectra of the 6,Mi-C-qiycosyl derivatives. These 
compounds apparently have a C-6 substituent primarily 
in one sector and a C-9 substihkt prkrily in anotbcr 
sector of opposite sign, tesultin9 in the presence of two 
CD bands of opposite sign at 259-275 ML Consequently, 
as a result of overlappin of oppositely s&ted adjacent 
CD bands,‘6 the CD bands in di-C-glycosyMavones are 
often much weaker thau those in the mono 9lycosides. 

Cur proposal for C-glycosylflavones is somewhat 
similar to the benxoate sector rule” developed by 
Harada and Nakanishi, who divided the inherently 
symmetric benxoate cbromopbore into ei&t sectors and 
experimentally assiguted signs to these sectors. The siggk3 
of the benxoyl sectors for cglycosylnavone!3 are the 
same as those of the inner sectors of Harada and 
Nakanisbi’s benxoates.” 

Acetylation or methylation of the carbohydrate 
bydroxyls increased the CD band two to three-fold in 
6Cglucosylflavones. Thus, d&at&d 6-C 
~ucosylllavones (1) may possess conformations in which 
the 9lycosyl residue occupies the upper left quadrant to a 
@eater extent than it does in the parent compounds or 
the imueased CD may result from (2) an increased 
po&rixabZty of the perturbisg goup due to a bulkier 
sub&tent or (3) from altered electronic properties 
resulting in different perWba&s on the aromatic 
chromophore transitions. No independent evidence 
exists on these points at present. 

The CD of 6-C+actopyranosylapi9euin (24) is en- 
banced relative to tbat of 6-C+copy7anosylapiinin 
(isovitexin) (2). Models show that oquauuial but not axial 
Ca substituents lie near the plane of the benxoyl 
chromophore, re9ardless of conformation. Apparently a 
conformer is present in 24 in which tbe galactosyl resi- 
due is coplanar with the tlavone such that the axial 
4’-hydroxyl projects into the upper left quadrant. 
Siy. arabmosyl derivatives 27 and 29 probably owe 
theii strongly positive CD bands to conformations which 
project the hydroxyl and acetoxyl groups at C-2” and 
C-4” into the upper left quadrant. The CD bands of 
xylosyl derivatives 29 and 26 are weak relative to those 
of 2.27 and 29. This is probably due to the fact that (1) 
compounds 29 and 26 contain equatorial rather than axial 
C-4” hydroxy groups and (2) loss of the bydroxymethyl 
tpoup at C-5’ probably allows the glycosyl group grater 
conformational mobility so that the upper left quadrant is 
less populated. Loss of the perturbine effect of this 
@soup at C-5” may be less important than loss of the bias 
it exerts upon the conformational qtibrium. 

While UE CD spectra of 8-Crhamnosyltlavones are 
consistent with those of all other 9Cglycosyl 
compounds examined herein, even with a 6-C-glucosyl 
present in tk molecule (see II), the presence of a 
tLC-rbammuyl on a llavone results in a stron9 ne&ve 
CD band at 259-275 mu. These observations supgest that 
6C-rbamnosyltlavones adopt a prefetred conformation 
in wbicb the axially linked rbamnose predominantly oc- 
cupies the lower left quadrant in 47. 

CD resulta on o-glycosyltlpvones U and U arc 
coluistclltwitholJrballzoylscctorNk.Tlleo- 
tbattbe9@sceeidsUsbowsastro~CDbandtban 
tbe ‘I-gtucosidc 4s su99ests that the 7-substituent lies 




