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AImtract-Flavanones of 2s configuration and 3-hydroxygavanones of 2R,3R configuration. having 
equatorial 2-14 substituents in the former or diequatorial2,3-substituents in the latter, exhibit a positive 
Cotton effect due to the n + A* transition (_ 330 run) and a negative Cotton effect in the x --t ti region 
(- 280-290 nm). Flavanone glycosides possessing chiral aglycones show Cotton effects quite similar to 
their optically active aglycones while flavanone glycosides having racemic aglycones show only weak 
Cotton effects at 250-350 nm. The x + x* Cotton effect is more suitable for determining aglycone chirality 
in flavanone glycosides. In addition to the two high wavelength bands, ZS-lIavanones generally showed a 
positive Cotton effect at 245-270 ntn and a negative Cotton effect at 225-240 run. tram 2R,3R-3-Hydroxy- 
flavanones gave two Cotton effects below 270 MI both of which were positive. 

CHEWCAL and spectroscopic studies have defined’ the relative and absolute cotigura- 
tion of many optically active flavonoids. An ORD and CD study has been initiated 
in order to establish the absolute configuration of flavonoids of unknown stereo- 
chemistry and to provide more definitive information than is available from single 
wavelength measurements. We find that the absolute confIguration of flavanones, 
3-hydroxyflavanones and their glycosides can be determined by ORD or CD, in 
conjunction with NMR data, from milligram quantities of material. 

Flavanones and 3-hydroxytlavanones show’ a UV maximum at 27&290 nm and an 
inflection at 320-330 nm. These UV absorptions have been assigned3 x -+ 7t* and 
n + rt* origins, respectively. Snatzke has derived& a relationship between the 
chirality of c#unsaturated ketones and the sign of their high wavelength Cotton 
effects. Extension46 of this rule to aryl ketones has shown that flavanones of con- 
figuration I will exhibit a positive Cotton effect at the n + rf absorption band. 
Rules have also been suggested’ for correlation of -C=C-C=O absolute 
conformation with the sign of the II + R* Cotton effect but Dreiding models of 
isomerie flavanones do not point defimitely to either chirality. 

Examination of the ORD and CD of flavanones of known absolute configuration 
showed positive Cotton effects at high wavelength for (-)-hesperetin (Ila), (-)- 

l Presented in part at the 154th National Meeting of the American Chemical Society, Abstracts, p. S-l 13. 
Chicago, Ill., Sept. IO-15 (1967). 

t Western Utilization Research and Development Division, Agricultural Research !kvice, U.S. Depart- 
ment of Agriculture. 
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liquiritigenin (IIb) and (-)-eriodictyol (UC) and a negative Cotton effect for (+)- 
sakuranetin (IId). Application of the mod&d octant rule4 for c&unsaturated 
ketones to these flavanones, having equatorial 2-aryl substituents, predicts the first 
three to be of 2S configuration and the last to be 2R, in agreement with structural 
determination.6* ’ The ORD and CD of the 3-hydroxyflavanones (+ )dihydroquerce- 
tin (IIIa) and (+)dihydrorobinetin (IIIb) showed positive Cotton effects and 
(-)dihydrofisetin (IIIc) a negative Cotton effect centered in the region of n + R* 
absorption. With the 2,3-substituents diequatorial, the modified octant rule4 predicts 
configuration 2R,3R for the first two and 2S,3S for the latter. The CD and ORD 
results are in agreement with absolute configurations assigned to these three 3 
hydroxyllavanones by chemical methods.70*8~g 

Therefore, examination of the CD and ORD of flavanones and 3-hydroxy!Iavanones 
of known configuration has led to the following conclusions. Flavanones of 2s 
configuration and 3-hydroxytlavanones of 2R,3R configuration, having the 2-aryl 
group substituted equatorially to the heterocyclic ring in the former or having the 
2,3-groups substituted diequatorially in the latter, exhibit a positive Cotton effect due 
to the n --, II* transition and a negative Cotton effect in the x + x* region. 

It was of interest to determine the absolute configuration of two samples of 
naringenin (De), one of which was dextrorotatory and one of which was levorotatory, 
which had been obtained by enzymic hydrolysis of two samples of naringin (IIf), a 
bitter flavanone glycoside present in grapefruit. Both naringin samples were 
levorotatory,* one of commercial origin and one having been isolated from grapefruit. 
In view of the high value of the coupling constant (J2,J between protons in the 2 and 
3 position of the heterocyclic ring, it has been concluded’ O0 that all natural tlavanones 
and 3-hydroxytlavanones exist in the thermodynamically favoured conformation 
with the 2 or 2,3-substituents equatorial. Since the 2-aryl group of both (+ )-naringenin 
and (-)-naringenin is equatorial (J2,3. = 12.5 Hz),“* the negative Cotton effect we 
observed near 325 nm allows assignment of configuration R at C-2 in (+)-naringenin 
and the positive Cotton effect we found for (- )-naringenin establishes configuration 
2s. 

Table 1 contains CD data’ ” for a wide variety of optically active flavanones and 
3-hydroxyllavanones. With the exception of the flavanone sakuranetin and the 
3-hydroxytlavanone dihydrofisetin, in which cases both isomers have been found to 
occur naturally, all of the flavanones studied are 25 and all 3-hydroxytIavanones 
examined are 2R,3R. ORD data are listed’ lb in the Experimental. 

Since a flavanone or 3-hydroxytlavanone glycoside will exhibit optical activity due 
to the carbohydrate moiety in addition to the chiral centres of the aglycone, we have 
examined the ORD and CD of compounds in which the aglycones are optically 
active in one case and racemic in another. Direct CD measurements on naturally 
occurring flavanone glycosides should provide information concerning the chirality 
present in the aglycone. Small quantities of natural material could then be studied 
without resorting to enzymic or chemical hydrolysis. Possible racemization during 
hydrolysis would be avoided. Aglycones (-)-naringenin (Be) and (- )-hesperetin 

l The commercial ( - )-naringin was of unknown origin from Calbiohm, Los Angeles, California and 
had [a]:’ -84.4 (50% acstonbwatcr). The natural (-)-naringin was isolated from ) in Mar& Sccdksa 
grapefruit by Dr. R. M. Horowitz, Fruit and Vcgctabk Chemistry Laboratory, Pasadena, California 
[a];’ -95.1’ (MeOH). 
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(IIa) were obtained by hydrolysis of their respective glycosides, ( - @aringin (IIf) and 
(- )-hesperidin (IIg). As shown in Figs 1 and 2, the Cotton effects of both glycosides 
are similar to those of the corresponding aglycones, confirming the 2s configuration 
of the aglycones in the flavanone glycosides. Two other examples were studied which 
have been configurationally established by independent methods, liquiritigenin6 and 
dihydroquercetin.‘” While our samples of (- >liquiritigenin (IIb) and ( - )-liquiritin 
(IIh) were obtained independently, the similar nature of their Cotton effects (Table 2) 
allows assignment of configuration 2s to (-)-liquiritin. Samples of (- )-astilbin 
(3,3’,4’,5,7-pentahydroxyflavanone-3-a-L-rhamnoside) and (+ )-dihydroquercetin 
(IIIa) also were isolated separately but the nearly identical Cotton effects shown by 
these compounds allows the 2R,3R assignment to the aglycone portion of( - )-astilbin. 
Both 2S and ZR-naringin were levorotatory at the sodium D line but examination of 
the Cotton effect region by either ORD’ lb or CD showcd the two diastereoisomers to 
have enantiomeric aglycones (uide supra). 
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FIG. 1. CD curves. - Naringin ex immature 3 in Marsh !kedh grapefruit 
(R. M. Horowitz). ~~~~~~~~o~~~~~~~~~~~~~~ Nariugin synthesized from uariugin chdconc. -~-1-1-1- 
Naringeuin from natural naringin by enzymic hydrolysis (R. M. Horowitz). 

.20, I 

FIG. 2 CD curves. Y Hespedh (natural). ~~~~~~~~~~~~~~~~~~~~~~~~~ Hey&&~ syn- 

&s&d from heqwdiu chalconc. -1-1-1-1--1= Hespretin from natural hcspcridin by 
acidic hydrolysis (H. R Arthur, W. H. Hui, C. N. Ma, J. Chena SOC 632 1956). 
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Chemical cyclization l2 of naringin chalcone gave ZRJS-naringin in which the 
asymmetric C-2 of the aglycone was racemic. Enzymic hydrolysis of synthetic naringin 
gave optically inactive naringenin showing that there was no asymmetric induction 
upon chalcone cyclization or product isolation. The synthetic naringin still possessed 
substantial optical activity12 due to the carbohydrate. Examination of the CD (Fig 1) 
of 2R,2S-naringin showed marked changes in comparison to (+) or (- )-naringenin 
and (-)-2S-naringin. While Cotton effects were still present in the 250-350 nm region, 
they were greatly reduced in magnitude and are probably related to asymmetric 
perturbation of the benzene ring chromophore by the optically active carbon atoms 
of the carbohydrate portion of the molecule. In a similar manner, hesperidin chalcone 
was cyclized l2 at pH 6 to form synthetic hesperidin. The synthetic hesperidin gave a 
CD (Fig 2) in which the large Cotton effects due to an a&unsaturated ketone located 
in an asymmetric environment were not as evident as they were in natural hesperidin 
and in the aglycone hesperetin (Fig 2). A Cotton effect near 290 nm suggested some 
residual optical activity in the aglycone of synthetic hesperidin. Due to hesperidin’s 
water insolubility it was not possible to enzymically hydrolyze the synthetic hesperidin 
in order to determine the optical purity of the aglycone. From the above results, it is 
apparent that examination of the Cotton effect region of flavanone glycosides is 
diagnostic of the optical activity of the aglycone portion of the molecule since the 
natural flavanone glycosides show ORD and CD curves quite similar to those of their 
corresponding optically active aglycones while synthetic flavanone glycosides have 
smaller Cotton effects at 250-350 nm and yield’racemic aglycones upon enzymic 
hydrolysis. 

Fro 3. CD curves of naringin samplea of varying optical purity. 
- 87.5% 2.~9, 12.5% 2R. -I-‘-I-‘- 75% 2s. 25% 2R. 
,,,,,,,,,,,,,,,,,,,,lllllll 62.5 % 2S, 37.5 % 2R. IIII~,I ,,,#a,, 55%2S,45%2R. 
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Fig 3 shows CD curves of naringin (IIf) with varying amounts of 2s content. These 
mixtures were prepared from 2s and ZR,ZS-naringin (Fig 1). Obviously, racemization 
of the aglycone leads to a proportional diminishing of the II -+ n* Cotton effect near 
290 nm. This band shows a molecular ellipticity of about -4Q,OOO for 2s natingin 
and is essentially absent from the CD curve of 2R,2Snaringin (Fig 1). The positive 
n -+ n* Cotton effect near 330 run in the 2s sample also diminishes from [0J g + lO,WO 
to near zero molecular ellipticity for 25% 2S-naringin (i.e. 62.5% 2s; 375% 2R). 
Further lessening of 25 character results in a negative CD band near 330 nm (Fig 3). 
Therefore the x -+ x+ Cotton effect appears more suitable for determining aglycone 
chirality in flavanone glycosides. 

-50 ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ 
110 110 140 Ia0 100 no aa 

h nm 

FIG. 4. CD curves of natural neohcspaidosida and rutinosidcs. 
- Neohapridin (natural from Mann Labs.). -9 -=-- Poncirin a 
Portcinu rrififioru (S. Haaori). ,,,,,,,,,,,,,,,,,1,,,,,,,,,,,, Isoaakunuxtin-%rutinoside ex h4onurda 
didyma (C. H. Bricakom). 

Other neohesperidosides (2-O-u-rhamnosyl-fi-Dglucoside; IV) and one rutinoside 
(60-a-L-rhamnosyl-l&-glucoside; V) were examined by CD. Fig 4 shows CD data 
for naturally occurring neohesperidosides (IVa, b) and rutinoside V. All three natural 
glycosides showed appreciable 2s content Fig 5 shows CD data for synthetic neo- 
hesperidosides (1Va-e). Our sample of synthetic neohesperidin (IVa) (Fig 5) had more 
2s content than a natural neohesperidin sample (Fig 4). This may be due either to 
racemization of C-2 during isolation of the natural material or to fractional re- 
crystallization of synthetic IVa resulting in puriikation of the 2s diastereoisomer. 
The synthetic form of poncirin (IVb) (Fig 5) was similar to the natural isomer (Fig 4) 
inasmuch as both forms showed appreciable 2s configuration. About 25% of 2s 
chirality was present in the synthetic pinocembrin derivative (IVc) (Fig 5) (unsubstitu- 
ted 4’-position) and a slight excess (- 10%) of 2s isomer was detected in the 5,7- 
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FIG 5. CD curves of synthetic ncophespcridosidcs. - Ncohcspcridin (syntht- 
sized from phloracetophcnone ncohcspcridosidc with isovaniUin, R. M. Horowitz). - - - - 
Poncirin (synthekcd by methylation of naringin, R. M. Horowitz). 1111,111111111111111,,,,,,, Eriodi- 
ctyol-7-neohcspcridoside (synthetic - J. Chopin). WWN-WI-I- Pinocembrin-‘I-neohe- 
spcridosidc (synthetic- J. Chopin). 0 I I 1111 II~I 11 5.7~Dihydroxy-3’,4’dimethoxyllavanone- 
I-neohcspcridoside (synthetic - 1. Chopin). These last three compounds are described in 
J. Chopin and G. Dellamonica, C. R. Ad. Sci., P&s Ser. C. 262, 1712 (1966). 

dihydroxy-3’,4’-dimethoxy flavanone-7neohesperidoside (IVd) (Fig 5). The synthetic 
eriodictyol derivative (We) (Fig 5) (4’-hydroxyl group) appeared to be 2R,2S. In 
contrast to the naringin which was isolated from immature grapefruit using mild 
conditions (Experimental) and which gave a CD curve (Fig 1) indicative of 2s con- 
figuration, most commercial samples of naringin (IIf) gave a CD curve similar to that 
of the synthetic naringin curve shown in Fig 1. Therefore this 4’-OH compound (IIf) 
was usually obtained in the 2R.2S configuration. 

2-O-wrhamnosyl-b 
u-glucosyl-0 RI Rz 

a-OCH, OH 
b-OCH, H 
c-H H 
d-OCH, OCH, 
e--OH OH 

CO-a-L-rhamnosyl-p 
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The CD properties of additional tlavanone glycosides are summarized in Table 2. 
The above results emphasize the critical nature of the 4’-substituent upon the CD 

of flavanone glycosides. Since 4’-hydroxytlavanones containing a blocked 7-OH 
group are known to easily undergo the flavanonechalcone interconversion (VI-VII),i3 
optically active 4’-hydroxyflavanones containing a blocked 7-OH group would be 

OH 

OH e 
C-CH=CH OH 

0 VI A 
VII 

very susceptible to racemization. Possibly some 4’-OH compounds which are found 
to be 2R,2S occur naturally in a chiral form but are racemixed either during extraction 
or purification. When proper precautions are taken during extraction and purifica- 
tion, CD can yield meaningful results about the stereochemistry of naturally occurring 
flavanone glycosides. Our results also show that a synthetic flavanone glycoside (not 
bearing a 4’-OH) may be enriched14 in one isomeric form by fractional crystallization. 
The less soluble diastereoisomer obtained is of the natural configuration 2s. The 
possibility also exists that flavanone glycosides not possessing a 4’-OH may be formed 
stereospecificallyi5 by chalcone cyclization. 

.I 

I 
? 
0, c I 

In order to better understand the chiroptical properties of 2R,2S-flavanone glyco- 
sides some dihydrochalcone and acetophenone derivatives (VIII and IX) of carbo- 
hydrates were examined by CD. These compounds possessed a benzenoid 
chromophore system attached to the sugar but they did not have a C ring. As shown 
in Fig 6, all four phenolic glycosides had nearly identical Cotton effects near 325 nm 
and the three neohesperidosides (VII1a-c) had similar Cotton effects near 280 nm 
while hesperetin-7-@rr-glucoside dihydrochalcone (IX) showed a negative Cotton 
effect twice as intense as V1IIa-c. Since these phenolic glucosides can have asymmetry 
only at the C atoms of the sugar, it is apparent that the presence of the sugar moiety 
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is sufficient to induce optical activity in the n + x* and II + x8 transitions of the 
acetophenone chromophore. The similarity of the CD curves of the phenolic glyco- 
sides to the CD curves of 2R,2S flavanone glycosides is further evidence for the 
presence of racemic aglycones in the latter compounds. All of the compounds included 
in this study have the carbohydrate linked to the phenolic chromophore through a 
beta linkage. Possibly alpha sugars would give rise to positive Cotton effects in the 
220-350 MI region.* 

While the entire discussion of the chiroptical properties of flavanones, 3-hydroxy- 
flavanones, and their glycosides has so far been restricted to the n + x* transition 
near 325 nm and the II -V IL* transition near 290 nm, other absorption bands at lower 
wavelengths also gave rise to Cotton effects. It has been suggested” that all simple 
polyoxygenated 3-hydroxytIavanones and their 3-0-glycosides of trans 2R,3R 
configuration will show four Cotton effects in the order (+ ), (- ), (+) and (+) from 
400 to 220 run. The first two bands are the n + x* and x + x* transition respectively. 
The 3-hydroxyflavanones surveyed in this paper (Table 1) showed agreement with the 
above generalization” inasmuch as positive Cotton effects were observed at 245-270 
run and 225-240 MI for trans 2R,3R compounds. However, the configurationally 
related ZS-flavanones often gave four Cotton effects in the order (+ ), (- ), (+) and (- ) 
(Table 1) from high to low wavelength The four bands are positioned in essentially 
the same wavelength regions for both flavanones and 3-hydroxyflavanones. It must 
be emphasized that the above behaviour for flavanones was noted in most cases but 
not all ; that is, the sign of the fourth Cotton effect from the high wavelength end of the 
spectrum (-230 nm) was always positive for trans-2RJR3-hydroxyflavanones and 
usually’negative for 2Sdavanones. The Cotton effects below 270 nm were generally 
weaker than the n + IC* and 1c + x* carbonyl Cotton effects and were therefore more 
susceptible to alterations in position and sign due to adjacent overlapping optically 
active absorption bands. Additional bands have been reported’* at 200-240 nm in 
the CD of a$-unsaturated ketones containing no other chromophore absorbing 

l Cotton ctkts in uosubstitutcd phmyl gIycm3idcs have been rep~rtal.~~ 
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above 200 nm. CrabI& has noted” that the chromophore of the 3-hydroxyflavanones 
is quite complicated since the OH bearing center is located next to an acetophenone 
type system while the C-2 asymmetric center is beta to this chromophore but directly 
adjacent to a benzene ring He states further r9 that orbital overlap between the two 
chromophores may form a bis-homoconjugated x-system which is quite complex 
electronically. The CD band observed near 230 mn for flavanones was fairly constant 
in sign and magnitude for natural and synthetic flavanone glycosides and for open 
chain phenolic glycosides. Therefore this band may be primarily due to an aromatic 
transition rather than a carbonyl band. 

Compound Cont. (%) Circular dichtoism data’ SourcoRer. 

A. FLAVANONES 

5,6,7-Trihydroxy 
flavanone 

Pinocembrin 
(S,fdihydroxy-) 

Pinocembrin 

Pinocembrin 

Pinocembrin 

Matteucinol 
(5,7dihydroxy-6,8- 
dimethyl-4’~methoxy-) 

Dihydrowogonin 
(5,7dihydroxy-8- 
methoxy-) 

O-030 

Dihydrowogonin O-033 

Strobopinin 
(5,7dihydroxy-8- 
methyl-) 

Homoeriodictyol 
(5,7,4’-trihydroxy-3’- 
methoxy-) 

Eliodictyol 
(5,7,3’,4’-tetra- 
hydroxy-) 

Polio1 
(5.7.4’~trihydroxy-6- 
methyl-) 

0.029 

0.027 

0072 

0062 

0.030 

0.020 

0024 

Mars + 5260 (max) ; [fJh - 27,800(max) ; 
ml, +32l400! 

Ph +14800 (max); [%, -40,200 
(ma4 ; Mzu, - 14lO(max); [Ollla + 54,800 
(max); MaIs +39,300! 

FL, +4340 (max); [Q2~7 - WWbu); 
mul - 145o~max);wl,,, +mw~x); 
VIma +62~~! 

Vh +~Wm4;Ph -WWmd; 
Ml4o -710 @ax); [elz10 +28,800! 

Ph +13MO (mm); [elzsJ - 50,800 
(max); [f7jzjs +2310! 

[Oh +6210 tmax); VJLS +6210 @ax); 
[~ltpL -WWmax);W12,, +4550(max); 
[e] 1,0 - 207O(max); [el,,, + 38,3OO(max); 
[0]201 + 8270! 

[@I,., +2100 @ax); m,, +3820 @ax); 
[e] 187 - 15,300(max);[@1112 -19100nax); 
[e],,, +16,2m @ax); I&o +9540! 

[elsIO +10,400 (max); [eizs7 -42,100 
(max);[B],, -4770(max);[l&, +42,100 
(max); [qzls +33,800! 

[elssO +54lo(mx);[q,,, -25,000(~~); 
[eia19 +27,000 (map); [q2L0 + 14,900! 

rei,,, +6050(max); rei,,, - 309Wmax); 
P1250-26~ +m @ax); ma -6300 
Max); VI,,, + 13,900! 

[east, +11,300 (max); [e],,, -40,500 
(max);[812~3 +4960(max);[01510 +36,900 
(max); [e]210 + 13,100! 

J. E. Watkinb 

H. Erdtman’ 

M. Hasegawa’ 

E. Von Rudloff’ 

Y. Tanabe 

J. Chopin’ 

H. Aft 

J. Chopin 

H. Aft 

J. c. Pew* 

G. M. Barton’ 
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Source-Ref. 

ArtOCXlplODC 

(st’,4’-trihydroxy-% 
methoxy-) 

Deamethoxymatteucinol 
(5,7-dihydroxy-6,8- 
dimethyl-) 

Dihydrotectochrysin 
(5-hydroxy-7- 
methoxy-) 

Perscicogcnin 
(5,3’dihydroxy-7,4’- 
dimethoxy-) 

Sakuranetin 
(5,4’dihydroxy-7- 
methoxy-) 

Isosakoranetin 
(5,7dihydroxy4- 
methoxy-) 

Liquiritigcnin 
(7,4’dihydroxy-) 

047 

Ml60 

Ml0 

036 

0036 

0041 

0049 

B. 3-HYDROXYFLAVANONES 

Dihydromyrecetin 
(5,7,3’,4’,5’-penta- 
hydroxy-) 

Pinobanksin 
(5,7-dihydroxy-) 

Pinobanksin 

Dihydrofisctin 
(7,3’,4’-trihydroxy-) 

DihydroEsetin 0058 

Silybin 
(see Ref 4) 

Dihydrorobinctin 
(7,3:4’,5’-tetra- 
hydroxy-) 

Dihydroqucrcetin 
(5,7,3’,Y-tetra- 
hydroxy-) 

olI63 

0086 

0079 

0055 

0087 

0063 

069 

[@I,,, +5B (max); &w--291 - 1040 
(max); [t%t, +880 (max); [@Iall -3380 
(max); [Q2 - 1820! 

[Ol,, +7580 (max); P%,, +8530 @ax); 
-43,100(max);[t7J23~ -7lCMQmax); 

;;::: + 38,400! 

[t%13J30 +27~ (mm); r&,, -8110 
(max); [@I&! 

M,,0 +4570(max);F%w -2O&OWmaxh 
W12,0-2,1 +x40 (maxI; PL, -3080 
On=); F1220 + 13,60@ 

[I; 
32, -3Wmax);[f%,, + WWm=h 
135 -5960! 

M330 +17,la (mm); [e130s -28&M 

(mx); wl,, + woo! 

M,,, +81Wm=);M2w -2WWmax); 
W13160-165 +9x0 Cm=); Plz43 -510 
(max); [@I,,, + 16,300! 

[elsl, +86Mnax);Mzpl -2l,Mo(=); 
PI,,, +31,700 (max); [&, +26,ooO! 

[&, +%5o(m=);[f%,, -36900(max); 
[@llll +1380 (max); wi,, 0; M220 
+46,900! 

;;s,O -736ww; rei,,, + 15,m(max); 
170 -4470(max);M1~, -10.5Unax); 

[@I,,, - 7630! 

; 
as0 -82~(ma~);[@l,~, +22%l(max); 
270 -449Umax);[BlzU) -14,OOt+=); 
130 -9980! 

[@I,,, +11.1m (max); I%,, -42700 
(ma); M2,1 +6650 @ax); [@I,,, +3210 
@ax); relzll -52to(=e relzol 0! 

[Earl +98m(max);[@l 30, - waJ @ax) ; 
[@l36,-f6, +7730 (max); [8113,_-23, 
+ 14,ooO (max); [0jl12 + 13.500! 

r@112~-3~0 +fzw (max); [@I,,, -23,200 
(m=); [@I,,, +3970 (max); [elllz 
+22zJoo! 

K. Vcnkataramad 

S. Sasaki’ 

J. Chopin’ 

W. Rahman” 

M. Shimokoriyama’ 

H. Aft 

R. Hansel’ 

E. Von RudlotT’ 

H. Erdtmanp 

I 

” 

H. Wagner’ 

I 

E. Von Rudlo5’ 
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TABLB I-contimced 

compound cont. (ya Circular dichroism data’ Source-Ref. 
____ 

Dihydroquercetin 

Dihydroquercetin 

Dihydrokaempferol 
(5,7,4’-trihydroxy-) 

0.046 

04)37 

0094 

Dihydrokaempferol 

7MethyLaromadendrin 
(S,Ydihydroxy-7- 
methoxy-) 

0.050 

0.056 

[Slsrs + l1,ooo (max); [t&31 -38.400 
@ax); FL, + 595Wmax); [Oh + 36,400 
(max); [0]srs +16,100! 

[@lsls_ssO +2470 (max); M2, -7810 
(max) ; Pl160 + 1810 (ma4 ; M240 - 1230 
(max); [@I,,, + 8720 (max); [f&se + 5760! 

t&, +9810(max);[S12s2 -35,6OO(max); 
F%,, +7670(max);W123, + 10,7OO(max); 
[e1232 + 11,300) 

[S]s,e +98~(max);[Bj290 -35,70O(max); 
Wss +8070 (maxI; V123~ + lL200! 

[ei 33o +ll,Mo (max); Fb2 -37,800 
(max); [0]rr, +9180(max); [0],,, +9010! 

J. C. Pew’ 

C. W. Murray’ 

W. E. Hillis’ 

E. Ritchie’ 

Last wavelength measured. 
All measurements were performed in methanol. 
J. E. Watkin, Aspects Plcnf Phmolic Chem,, Proc. Symp., 3rd, Unia Toronto 1963 39 (1964). 
ex Pinus jefieyi. 
ex Prunus uerecundu Koehne, M. Hasegawa and T. Shirato, .I. Am Chem. Sot. 79,450 (1957). 
ex Conifer heartwood. 
ex Pinus banksiana. 
ex Prunus ouium, J. Chopin D. Molho, H. Pachtco, C. Mentzer and G. Grenier, BulL Sot. Chim. 

France 192 (1957). 
’ J. C. Pew, J. Org. Chem. 27.2935 (1962). 
’ ex (Psedotsuga menziesii (Mirb.) France) roots infected with (Poria treirii Murr.), G. M. Barton, 

Can. J. C/tent. 45, lOz0 (1967). 
J ex Artocarb integrjrolia, K. G. Dave, S. A. Teland and K. Venkataraman, J. Sci. Ind. Research 

(India) 19B, 470 (1960). 
’ ex Matteucia orimtalis, S. Fujise and T. Kubota, Chem Ber. 67, 1905 (1934). 
’ cxPrunu.rauium. 
m en Prunus Persica Borsch, W. Rahman and S. P. Bhatnagar, Aust. J. Chem 21,539 (1968). 
” Commercial source. 
’ ex Erythrophlnun africaaunt, R. Hiinsel and J. Klaffenbach, Arch. Phurm. 294,158 (1961). 
r ex P. virginiana. 
r ex Silybum marianum. For structure see, A. Pelter and R. H8nsel, Tetrahedron Letters 2911(1968). 
’ ex Douglas fir heartwood, J. C. Pew, J. Am. Chem Sot. 70, 3031 (1948). 
’ This is the sample having [a]n + 11 (50% acctontwater), which was discussed by J. C. Pew (J. Org. 

Chem. 27. 2935 (1962)). This sample was found to be trans-2,3dihydroqucrcetin by NMR analysis (JI,J 
11 Hz). 

’ ex Eucalyptus hemiphloia, W. E. Hillis and A. Carle, Au.% J. Chem 16, 147 (1%3). 
” ex Eudyptus maculata, R. J. Gcll, J. T. Pinhey and E. Ritchie. Aust. J. Chem. 11,372 (1958). 
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Compound Cont. ( %) Circular dichroism data’ Source-Ref. 

5,6,7-T~y~oxy 
flavanone ~uc~onidc 

( f ) NarinSenin-S-&n- 
glucoside 

Phellamurin 
(5,7,4’-tetrahydroxy& 
(y-hydroxyisovaleryl)- 
flavaoonol-7 glucoside) 

Hemiphloin 
(5,7,4’-trihydroxy- 
RavanonedS-n- 
&tcoside) 

Neoponcirin 
(isosakuranetin- 
rham~o~uc~ide) 

Didymia (natural) 
(5,7~ihydroxy~- 
methoxy-flavanone-7- 
&rhamnoglucoside) 

Didymin (synthetic) 

Isosakuranin 
(isosakuranetin-7- 
glucoside) 

Isosakuranin 

Liquiritin 
(Liquiritigenin-V- 
glucoside) 

Liquiritin 

Dihydrokaempferol-7- 
rhamnoside 

Dihydroquercetin-3’.& 
&glucoside 

Dihydroquercetin-4’- 
glucoside 

Prunin 
(naringenin-7- 
g&c&de) 

Prunia 

0043 

QQ30 

0076 

0.055 

0651 

0055 

O.034 

O-058 

0038 

a072 

@03 1 

0947 

Oa76 

[0],51 ~43~(m~);[~]~s, -32,4OO(max): J. E. Watkin” 

[@I245 - 10,Mo (max); [&so + 18,300! 

[el320-325 - 1450 (max); [f&s iS[)(lO(max); R. H&uselc 

[elZ,S -13,800 (max); [el,,, - 14,500 
(max); [t&r -7250! 

Eel33, +3%Wn=);1e1293 -3V00(max); 
[el2*3 - 1800 bad; lel,,, +5370 (max); 
[@I 230 -4480! 

lel330 +94Vmax); [e1290 -3WWnax); 

iel23, +w0 (m=); [el2,3 + 1430t 

[e1330-333 + WWmax); ref2ss -4aw0 

(maxf; [el243-2~ +7080 (man); Zf+l~s0 
-8800! 

[f7]330-s3s +6990 (max); l&s -45,500 
(max); IYI,,, f6410 @ax); E&r -9320 
(ma& [e1230 -4640! 

[e1330 + 57Wm=Mel2,3 -3VOWW; 

[e1243-2~~ +a~ @=I; M23, -8650! 

Lel330 +92N=W?l2,3 -46,2Wmaxk 

l4243 +5930 (max); [al,,, -8570 (max); 
fe1223 + 1 m@ 

330 -4210 (max); VI,,, + 1600 (max); 
A233 - We baxk Eel23o -F%o! 

Eel33, +lWQO Onax); V13,3 - 19,800 
(ma@; [@lz3, f 13,000! 

Eelas + 9~(max);[e13~~ - 16.~(m~); 
[e]233 + 12p600 @ax); fel23, + 7340! 

181333 +@Wm=k[el2,, -38,6OO(max); 
[el223 +fX40 (max); [el2,3 -3200) 

[el32, +45WmaxW12Po -27.1OO(max); 
[61,,, +4510 (max); [f& +23,300! 

1@13z, + ~NOO (ma@; [@l190 -37,900 
(ma); tf%~0 +m (mas); i@.lzz, 
+ ISJOO! 

le133s f6~OOtmas);E%.~ -31,7OO(max); 
r[fF$ ;4~(masI: Fl,31 -746o(m=); 

230 ! 

Eel332 4-860 MM; W12s3 - 15,700 (max); 
VI230 + 14WmW;I@1233 -UOQ~max~; 
[8]22o +4570! 

M. Hasegawa’ 

W. E. Hillis’ 

M. Shimokoriyama’ 

H. Wagner’ 

H. Wagner 

hi. Shiiokoriyama 

M. HasegawaL 

H. Aft 

M. Hasegawa 

R. G. Cooke’ 

H. L. Hergert 

L. Bikofer 

M. Hasegawa 

R. M. Horowiti and 
B. Gentili 
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TABLB 2--conrinued 

Compound Cont. ( 0%) Circular dichroism data. Source-Ref. 

Pmoin o-084 

Eriodictyol-7-glucoside 0043 
acetate 

Homoexiodiityol-F 
glucoside 

Sakuranin 
(sakuraoeti&- 
glucoeide) 

Hespcretio-7-b 
glucoside 

0067 

0071 

OQO6 

Haperetin-7-b 
glucoside 

[eh, +41Wmax);M2ss -WWWo~); 
[elzso +3620 (max); Vl,,s -9310 (max); 
VI120 + 22,800! 

;: 
,)a -3930 @ax); VI,,, -7700 (max); 
1** - 19,300 (max); VI,,, -6840! 

M3m +730 (max); Vlzr, -9800 (max); 
[q2,. -7260 (max); re122s +2540! 

[el,,, +ll,l~ (max); [el,os -18,700 
(max) ; M240 - QW! 

WI333 +7Wm~);M2,0 -WOW=); 
[42so +3m (m=); PI,,, -61~0 bax); 
B3123, +so60! 

Wl,,, +600@=); vi,,, - 145ookW; 

M250 +970 @W; PI224 - 7020 (max); 
[gi 130 -9OO! 

R. M. Horowid and 
B. Gentili 

H. Wagner’ 

H. Wagner’ 

H. Aft 

R. M. Horowitx”‘and 
B. Gentili 

R. M. Horowitz’ and 
B. Gentili 

! Last wavelength measured. 
‘ AU measurements were performed in methanol. 
* ex Scutellaria epilobfilia, J. E. Watkio, Aspects Pkmf Phenolic Chem., Proc. Symp, 3rd. Unfo. Toronto, 

1963 39 (1964). 
c ex Hefichrydn B, R. HBoael and D. Heise, Arch. Pharm. 292,398 (1959). 
‘ ex Phebdendron amwense, M. Hasegawa and T. Shirato, J. Am. Chem Sot. 75,5507 (1953). 
’ ex Eucalyptus hemiphlorla, W. E. Hillia and A. Carle, Aust. J. Chem. 16, 147 (19633. For structure see 

W. E Hillis and D. H. S. Horn, Aust. 1. Chem. 18,531(1%S). 
1 ex Ponclcirus trijbliata, M. Shimokoriyama, Bat. Msg. Tokyo 79,602 (1966). 
* ex Monurdo dklymo L., H. Wagner, L. H&hammer, G. Aumhammer and L. Farkas, Tetrahedron 

Letters 1837 (1967). 
* ex Prunus wrecunda Koehne, M. Haqawa and T. Shirato, J. Am. Chem. Sot. 79,450 (1957). 
’ ex Exocarpus cupressiformis Labill, R. G. Cooke and H. F. Hayoes, Au.% J. Chem 13, 150 (1960). 
1 Prepared by partial acidic hydrolysis of oaringin. 
’ Prepared by partial coxymic hydrolysis of oaringin. 
’ Synthetic compound L. H&hammer, H. Waguer, H. Krilmer and L. Farkas, Tetrahedron Letters 

5133 (1966). 
I Prepared by partial acidic hydrolysis of neohesperidin. 
” Prepared by partial enxymic hydrolysis of neohesperidin. 

EXPERIMENTAL 

Preparation of jbanone glycosides containing racemic aglycones. Both oaringin and heaperidin were 
preparal from their respective chalcooes as reported. ‘I The resulting llavanone glycosides were not 
recrystallized in order to avoid fractional recrystallization of diaatereoisomera. Both 2R,2S-oaringio and 
2R,2S-hesperidin were characterized by m.p. data and IR and W spectra in addition to paper chroma- 
tography. The 2R,2S-naringin was enzymatically hydrolyzed, in or&r to avoid acidic or basic conditions 
(Experimental procedure below), and the resultant oaringenin was optically inactive 88 shown by ORD 
and CD measurements between 250-600 nm. The CD curve for these 2&2S-tlavanone glycosides are 
shown in Figs 1 and 2 

Enzymatic hydrolysis oj2R-nurfngin (lIf). (-)-2R-Nariogin (C&&hem-Lot No. 103145; O-2247 g) 
and fuogal hemiccllulase (Nutritional Biochemical Corp. uin R. M. Horowitz; 02035 g) were suspended in 
300 ml 01 N acetate bulfer at pH 463. The reaction mixture was stirred gently at ambient temp for 5 days. 
Fresh enxyme (40 mg) wan added at 24 hr and 48 hr after the enzymatic hydrolysis was begun. At the end 



CD, ORD and absolute configuration of flavanones 4107 

of the 5day period some precipitation had occurred but the pH was still near the initial value The reaction 
mixture was filtered and the IiItratc extracted with EtOAc (4 x 50 ml). After drying over MgSO,, evapora- 
tion d the EtOAc extracts gan 00227 g pale yellow powder. This material was passed through a Sephadex 
LH-20 column, with MeOH as solvent, and upon removal of solvent (+ b2R-naringenin was obtained as 
shown by paper chromatography using 10 % AcOH (5 % AK& in 95 % EtOH spray). The product (OQO87 g) 
had m.p. 250-251” and [ax’ + 59” (acetone). 

It should be mentioned that the above enxymatic hydrolysis has been successful only with the batch of 
enzyme obtained from Dr. Horowitz Other samplea of fungal hemicellulase, which actually appeared to 
be purer, did not hydrolyze naringin and only starting material was obtained even after prolonged reaction. 

Isolation o/ ( - )-2S-narfngin und preparation of (- &TS-naringenin. (- )2S-Naringin was isolated from 
immature grapefruit by a procedure which carefully avoided ra cemizing conditions (R. M. Horowitz, 
unpublished observations). Dr. Horowitz then enzymatically hydrolyzed the naringin to (- )-2S-naringenin, 
[a];’ -22.5 (MeOH), by a procedure similar to one he has reported earlier.” The CD of 2S-naringin and 
ZS-naringenin are shown in Fig 1. Assuming Dr. Horowitz’s samples to be essentially optically pure, it 
appears that the 2R samples of naringin and naringenin from the Calbiochem sample are about 27% 
optically pure (see also Ref 1 lb). 

Optical rotatory dispersion and circular dichrofsm. ORD and CD spectra were obtainal on a Gary 60 
Spectropolarimetcr equipped with a Cary 6001 CD accessory. ORD results are reported below. 

A. Flmanones 
2S-Liguiririgenin (IIb). ORD (c, 0198, MeOH): [+lr, -. 145, [4]sro +239O(pk), [&]s5* 0, [41s,s - 17,100 

(trX MJI~~ 0. [9h + 15800 WA [91zb2 +2Q5W @kX [~IZJO + 3420 &A [+I~20 + ZWO! 
ZR-Naringenin We). ORD k. 0185, MeOH): [~L,o + 13, C4LlJ 9 [+ls49 - 1100 @A [+las9 0. [41299 

+ 17.300 WA I&6 4 [dh - 15.100 MA [~121o -93001 
2S-Hesperetin @a). ORD (c, @234, EtOH): [dk, -40. [0139* 4 [&o +560 WA [~ISST 4 [$I~oz 

-9820 WA [#I191 4 ML79 +9170 WA [ho +73@~! 
ZR-Sahranetin (III). ORD k @270, MeOH): [+k, +9.5, [#I626 4 [~Lo -500 @A [+Is,, 4 [~JLo~ 

+4880 WA [4h9 4 [#I266 -6150 (16 [#Iw -mm 
2S-~Wo~(IIc). ORD (c, O-335, MeCOMe): [Oh, -47, [&6 4 ML9 + 1810 WA [41s36 9 [d1303 

- 17,700 @A khl - 13,3&l! ORD (c. 0.138, MeOH): [I$]~,~ -4L [Go 9 Mlmo + 1250 WA [bI,w 
4 [+lJoJ - 14@0 WA [4129, 4 k&9 + 14,600 WA [Ohs0 +8360! 

B. 3-HydroxypaoOnones 
2R,3R-Dihydroquercetin (IIIa). ORD (c, 0173, 50% MeCOMe-water): [#Jr, + 127, [4]3,0 +3170 (pk), 

I&6 9 [Go -We @A [+I296 4 ML99 +3W@J WA W1290 +14X@! 
2R3R-Dihydrorobinerin (IIIb). ORD (c, U-331, 50% MeCOMe-water): [#lo +75, [olad3 +4000 (pk), 

k&,6 4 [61319 -3WO OrA [41a01 4 Mh2 +%ooO WA [db + W3@I WA [&. +%%I! 
ORD (c, 0955, MeOH): [#lo +79 [ha +2870 WA [h7 0, [ha -3WOO Orb [qho + 34,100 WA 
Mlus +29,3W WA [91no + 17W! 

2&3SDihydrofisetin (111~). ORD (c, 0883.95% EtOH): [+Jn -76, [+lrds -2870 (tr), [.+]s,, 0, [#lBL9 
+27Jm (ek). [41306 4 [hu -28,@0 MA L&s -8160! 

C. Flooanone and 3-hydroxflaoanone glycosides 
ZS&uiririn(IIh). ORD(c, @156, MeOH): [4Jr, -295, [b]sbo +201O@k), [#]s5s 0, [+]s16 -24,1OO(tr), 

Lih99 9 [&s +5360 WA [+lno + WOO! 
ZR-Sokuranin. ORD (c, @295, MeOH): [4Jr, -470, [4] 32, -4110 WA [&IS 4 [#I291 +7120 WA 

[#her 09 [&SO - WOO! 
2R,3R-Aailbin. ORD (c, 0365,50x MeCOMcwater): [$]n - 14.8, [+I,,, +4010 (pk), [~#]sss 0, [+]3o1 

- 32700 MA [+I191 4 [dim + 2a,7m WA b#ho + 9250! 
2R,2S-Nuringin (IIf). ORD (c. 0115, 95% EtOH): [4]n -441, [I#]~., -2430 (tr), [4],,s -963 (pk), 

rfP1sos -1060! 
ZR-Naringin (IIf). ORD (c. O-204, MeOH): [I$]~ -541, [b],,s -4240 @A Mlm 9 [91atr +5410 WA 

Ld~1299 + 572~ WA [#I~66 9 [+126s - 11N’WA Mlmo - !MO! (Thb sample is approximately 27% 
optically pure.) 

2S-Hesperidh (IIg). ORD (c, @C’lL MeOH): [#In -605, [41369 - 1750 WA [d&96 - 18,200 @A Mlzre 
9 [#lm + 15.800 WA [&o +5050! 
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