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The acetate derivatives of dihydroquercetin, eriodictyol, astilbin, and sakuranetin were prepared. Structural information 
regarding the acetate derivatives of dihydroquercetin was obtained by comparison of the ultraviolet absorption spectra of 
these derivatives. The unusual behavior of the monopotassium salt of dihydroquercetin in acet,ate derivative formation is 
described. 

Dihydroquercetin (3,3/,4',5,7-pentahydroxyfla- 
vanone), which occurs in Douglas fir bark to the 
extent of about 5%, has been shown to possess 
nntioxidmt activity.*" The oxidation product of 
dihydroquercctin, quercetin (3,3',4',5,7-pentahy- 
droxyflavone) , also demonstrated antioxidant, ac- 
tivity2f3 and in one substrate, greater activity 
than that' of dihydroquercetin. 

Studies of the antioxidant properties of various 
polyhydroxyflavones have shown that certain 
select ivcly 0-alkylated derivatives possess pro- 
tective activity greater than that of quercetin.*J 
Therefore, the antioxidant property of dihydro- 
quercetin, a polyhydroxyflavone, possibly could 
be improvcd through analogous selective alkyla- 
tion of certain of t.he hydroxy groups of the mole- 
cule, perhaps while preserving the desirable charac- 
teristirs of white color, tastelessness, and non- 
t oxicity.6 

A technique for such selective 0-alkylation 
recciit,ly has been reported for polyhydroxyfla- 
vonesl7V8 iitilizing aceta.te derivatives of these 
flavones as rcaction intermediates. It was the pur- 
poPe of this study to dctcrmine if this method 
might bc adapted for thc polyhydroxyflavaiioucs. 

I11 the courFe of pursuing this work, it was evi- 
clciit that, the striicture of thc acetate derivatives 
of dihytlroqucrcct,iii lacked clarity judging from the 
various melt,iiig points recordcd in the literature. 
Melting points of 82-84',$ Y8--89°,10 128-129°,11*12 
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and 1 5 5 O I 3  have been reported for the pentaacetate 
derivative and in certain instances a melting point 
of 150-151°14815 has been reported for an unspecified 
acetate derivative. 

Recently, the differences in ultraviolet spectra, 
infrared spectra, and acetate analysis for the penia- 
and tetraacetate derivatives of dihydroquercetin 
have been reported.2 Furthermore, differentiation 
between the acetate derivatives of the optically 
active and racemic dihydroquercetin also has been 
published.I6 However, in attempting to resolve the 
melting point data in this laboratory, information 
has been uncovered concerning (a) differentiation 
between the tetra- and pentaacetate derivatives by 
spectral data, (b) the structure of the tetraacetate 
derivative of dihydroquercetin, (c) the mixtures of 
the tetra- and pentaacetate derivatives which may 
arise on acetylation, and (d) the unusual behavior 
of the monopotassium salt of dihydroquercetin in 
acetate derivative formation. 

The pure (+)-dihydroquercetin used in these 
studies was obtained from Douglas fir bark and 
purified by multiple water recrystallizations. lo 

This dihydroquercetin was converted to both the 
racemic dihydroquercetin and eriodictyol (3/,4',5,7- 
tetrahydroxyflavanone) by methods previously 
described by Pew." The monopotassium salts of 
the optically active and racemic dihydroquercetins 
were prepared using potassium dibasic phosphatc. l 4  

In Table I are presented the data obtaincd for 
the various parent flavanones and the fully esteri- 
fied derivatives of dihydroquercetin, eriodictyol 
and sakuranetin (4',5-dihydroxy-7-methoxyflava- 
none), prepared by heating the parent compounds 
with acetic anhydride. 
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TABLE I 
PARENT FLAVANONES AND FULLY ESTERIFIED DERIVATIVES 

M.P. Frequency, Cm.-lU Amax* log e Xmiub log e [a1 Y c  
+ Dihydroquercetin 240-242' 1642 290 4.30 249 3.52 +17.2 
f Dihydroquercetin 234-236' 1642 29 1 4.22 251 3 . 1 5  0.0 
Eriodict yo1 269-270' dec. 1635 290 4.28 250 3.53 0 .0  
h t i l b in  222-224' 1645 292 4.28 250 3.15 
Sakuranetip 153-155' 1645 289 4.26 245 3.30 

Dih y droquercetin 
Penta acetates + 88-90 O 1705 263 4.11 295 3.59 $11.6 

312 3.67 
f 149-149.5' 1705 264 4.16 

+ K salt 130-131' 

It K salt 149-150' 

Eriodict yo1 

Tetraacetate 140-141' 

1703 
310 3.56 
264 4.09 302 3.58 $8.6 
312 3.60 

1703 262 4.41 289 3.91 
313 3.91 

1673 260 4.06 288 3.28 
315 3.59 

Sakuranetin 
Diacetat e 116-117' 1675 275 4.18 248 3.46 

Paraffin mull. In 95% ethanol solution. In acetone solution. 

305 3.74 

TABLE I1 
PARTIALLY ESTERIFIED FLAVANONE DERIVATIVES 

Carbonyl 
M.P. Frequency, cm.+ Amax* log e Amino log c [a1 Y e  

Dihydroquercetin 
Tetraacet a t  es + 153-154' 1680 277 4.13 245 3.39 +18.6 

* 170-1 7 1 O 1680 277 4.22 244 3.45 0.0 

+ K salt 161-1 62 ' 1675 277 4.13 244 3.16 +16.7 

120-121O 1675 276 4.12 242 3.44 $19.3 

1 70-1 71 ' 1680 277 4.15 245 3.52 0 .0  

340 3.57 307 3.35 

340 3.65 308 3.40 

341 3.50 311 3.26 

339 3.52 310 3.39 

340 3.61 310 3.44 
=k K salt 170-171' 1675 278 4.14 246 3.47 

340 3.60 313 3.48 

Triawt at e 126-127' 1640 275 4.12 245 3.46 
340 3.60 305 3.38 

Eriodictyol 

Astill>in 
Pentn acetate 1 16-1 17" 1634 281 4.36 248 3 .61  

335 3.76 320 3.74 

Sakuranetin 

Monoacetate 140-141 ' 1G40 289 4.28 248 3.07 
320 3.58 

a Pnr:Lfin mull. 111 95y0 ethanol solution. In acetone solution. 

Results of the preparation of the tetraacet,ate i.rator temperatures of the parent compounds 

A summation of the ultraviolet spectral data of 
these compounds are presented in Table 111, and 
thn fTmilies of spectral curves are shown in Fig. 1. 

derivatives of dihydroquercetin, the triaeetate xith acetic anhydride are presented in Table 11. 
derivative of eriodictyol, a pentaacetate derivative 
of astilbin, and a monoacetate derivative of saku- 
ranetin, prepared by reaction a t  room and refrig- 
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Fig. 1. Ultraviolrt absorption spec'tra of the flavaiioids and their ucrtnte derivativrs 

TABLE I11 
S U M M A R Y  O F  ULTRAVIOLET SPECTRAL DATA 

Dihydroquercetin Eriodict yo1 Astilbin Sakuranetin 

\ /  H Hoe ' H J  "fi / 
H ' " O p o ~  \ €12 - 

o\L-RRham"ose 
' OH 
OH 0 OH 0 OH 0 OH 

Xmax 290 inp 290 mp 292 inp 289 mp 
~ l n u l  249 250 250 245 

Acetate pcnta- tetrs- 
Am,, 263 260 

312 315 
X m i n  295 288 

Acetate tetra- 
Amax 277 

340 
A",," 249 

310 

t ri- 
275 
:110 
2 Iri 
3% 

penta- 
281 
335 
248 
320 

mono- 
289 

248 

di- 
275 
305 
248 

The ultraviolet spectra in Fig. 1 of (a) dihydro- 
quercetin, eriodictyol, astilbin, sakuranetin, and 
sakuranetin monoacetate, (b) dihydroquercetin 
tetraacetate, eriodictyol triacetate, and the penta- 
acetate derivative of astilbin; and (c) dihydroquer- 
cetin pentaacetate and eriodictyol triacetate are all 
almost identical within each group. Furthermore, 
there is a marbed difference between the spectra of 
(a), (b), and (c). Aromadendrin (3,4',5,7-tetra- 
hydroxyflavanone) , an analogue of dihydroquerce- 
tin, having no hydroxy group in the 3' position, 
follows the same pattern. It has the same ultra- 
violet spectrum as dihydr oquercetin, the spectra 
of the tetraacetate and triacetate are similar to the 

penta- and tetraacetate derivatives of dihydro- 
quercetin re~pectively.~ 

From the data cited above, certain conclusions 
may be made concerning the contribution of the 
various groups on the flavanone ring system to thr 
ultraviolet spectrum. Hydroxy or acetoxy (or the 
bonding of the hydroxy in the hemiacetal linkage 
to  a sugar moiety) groups in the 3 position evi- 
dently have little effect on the ultraviolet spectrum 
of the parent compounds or the acetylated deriva- 
tives. Also, the hydroxy or aretoxy groups in the 
?,' or 4' positions have little eflect on these spectra. 

One would suspect that the hydroxyl substituents 
in the 3'-, 4'-, and 7-positions of these compounds 



JUNE 1961 

W 
0 
2 

0.4- 
a 

m u 0.3- 
0 a 

CHEMISTRY OF DIHYDROQUERCETIN. I 

ii\ ~ k ~ n ~ u ( t  
d tm 
rnq IX)OJ5' 

1961 

TABLE IV 
STUDY OF REACTION TIME AND ACETATE DERIVATIVE FORMATION 

React ion Time Carbonyl 
Room temp. Refrig. temp. M.P. Frequency, Cm.-Ia Xmxb log c A m i 2  log 

15 min. 

30 min. 

60 min. 

2 hr. 

15 min. 

30 min. 

60 min. 

2 hr. 

30 min. 

60 min. 

2 hr. 

2 hr. 

30 min. 

60 min. 

2 hr. 

6 days 

+ DHQ 
160-161' 1680 

158-1 59 O 1680 

130-131O 1680 

123-124" 1710 
1675 

161-162' 1680 

127-1 28 ' 1705 
1680 

126-127" 1705 
1675 

170-171' 1680 

160-161" 1675 

120-121O 1675 

Potassium Salt of + DHQ 

277 
340 
277 
341 
276 
340 
270-2 
320-2 

277 
3 40 
273 
328 
273 

277 
34-0 
277 
341 
276 
339 

;I 12 245 3 .34  
3 51 309 3 32 
4 12 245 3 31 
3 52 309 3 29 
4 09 244 3 31 
3 53 308 3 29 

242 
305 

4 .13  245 3 .49  
3 .59  308 3 . 4 3  

305 

4 .15  245 3 .53  
3 .61  310 3 .44  
4 .13  244 3 .16  
3 .51  311 3 .26  
4 .12  242 3 . 4 4  
3 . 5 2  310 3 . 3 9  

a Paraffin mull. In  95% ethanol solution. 

would be equivalent and of a different nature than 
those in the 3- and 5-positions. These two latter 
hydroxyls differ from the others in that t'here is 
possible hydrogen bonding between the hydroxy 
group in the &position and the carbonyl in the 4- 
position; furthermore, the 3-hydroxyl is a secondary 
alcohol. As absence of a hydroxy or acetoxy group 
in this position has been shown to have little effect 
on the spectra of flavanones or their acetate de- 
rivatives, one must conclude that it is the hydroxyl 
in the 5-position that remains unacetylated in 
dihydroquercetin tetraacetate, eriodictyol triace- 
tate, and sakuranetin monoacetate. 

Data presented in Table I\' show that the condi- 
tions employed in preparation of the tetraacetat'e 
derivative of dihydroquercetin are critical. Ap- 
parently under identical reaction conditions, the 
monopotassium salt rearts t o  give mixtures of the 
penta- and tetraacetates in a reaction time shorter 
than that of dihydroquercetin. That the products 
were, indeed, sharp melting mixtures of the penta- 
and tetraacetates was established by ultraviolet 
spectral analysis (I'ig. 2 ) .  Infrared spectral analysis 
supports this coiiclusion. Absorption maxima were 
found at  the frequencies 1675 cm.-' and 1705 
cm. -l which correspond to the carbonyl stretching 
frequencies i n  the spectra of the tetra- and penta- 
acetate derivat ii-es, respectively. Longer periods of 
standing a t  refrigerator temperatures apparently 
cause hydrolysis of any pentaacetate formed, as 
after six days at, this lower temperature, only the 
tet raacetate derivatives, are isolat,ed. 

Under similar conditions of reaction, the mono- 
potassium salt of (+)-dihydroquercetin was found 

I 
360 o f ,  9 1 I I , ,  I I ,  ,; 

240 300 we40 3bo 
WAVELENGTH, MILLIMICRONS 

Fig. 2. Ultraviolet spectral analysis of acetate mixtures 

to give tetra- and pentaacetate derivatives with 
optical rotations differing from those obtained 
from ( f )-dihydroquercetin. Earlier, the optically 
active dihydroquercetin had been reported to be 
not racemized by treatment with potassium dibasic 
phosphate in preparation of the water insoluble 
monopotassium salt," inasmuch as the dihydro- 
quercetin regenerated from the potassium salt by 
treatment with acid had the same optical rotation 
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as the original dihydroquercetin. During these 
treatment and subsequent water recrystallizations, 
however, some racemization occurred [a change 
of optical rotation from (+) 16 to (+) 11; in ace- 
tone]. This finding may account for the difference 
in optical rotation of acetate derivatives prepared 
from the parent phenol, dihydroquercetin, and the 
monopotassium Ealt. As, from the melting point 
data of Table IV, racemization evidently occurs 
during the esterification, the possibility that the 
mlt racemizes more rapidly than dihydroquercetin 
still exists. 

Data presented show that (a) the multiplicity 
of melting points for the acetate derivatives reported 
in the literature must stem from contamination of 
the pure (+)dihydroquercetin with its racemate, 
or the formation of mixtures of the acetate deriva- 
tives in reaction, (h) the potassium ion of the mono- 
potassium salt of dihydroquercetin must be asso- 
ciated with, or exert influence on, the reactivity of 
the hydroxy group in the 5-position, as esterifica- 
tion of this group proceeds more rapidly than mith 
the free dihydroquercetin, and (c) the evidence 
suggesh that pmiD!y the ion R:;Y also have some 
influence on the optical center, that  is, the hydroxy 
group in the 3-posjtion, since the acetate derivatives 
formed differ in optical rotatjon from those obtained 
from dikydruquercetin. 

EXPERIMENTAL 

DihydroquercetirL. Douglas fir hark cork was the source of 
the ( +)-dihj-droque:cetin.'O The cork was first exhaustively 
extracted with benzene to rt.:.,ovc the w8xy component. 
The cork ws8 the:: i'xtiactd a-lih ether. hftcr removal of 
the solvent, h e  extraui. was rxrystalKcu repeatidly from 
water. After thirteen reci ystallizations, colorless glistening 
platelets were obtained which melted at 240-242', [a]  
+44.0 ( c  1.03 ki 1:l asatone-waier), [a]? + I 7 2  ( c  1.04 in 
acetone). 

Racemic dihydruyuercetin. The opt.ically active dihyclro- 
quercetin was racemized by refluxing with concentrated 
hydrochloric acid." After repeated recrystallizations from 
water, light tan glistening platelets were obtained, melting 
at 234-236', [a ]y  0.0 ( c  1.04 in acetone). Yield was 24.37& 

Eriodiclyol. Pure ( +I-dihydroquercetin was treated with 
zinc and concentrated hydrochloric acid in the manner of 
I ' e ~ v ~ ~ ,  to yield eriodictyoi, a white solid, melting a t  269- 
270" with decomposition. (a)*,( 0.0 ( c  1.03 in acetone). The 
yield was 50.7'%. 

Potassiuni s d t  of ( +)-U'li i l /dl .oy~cLrCelzn.l(  Eyusl parts of 
( f )-dihydroquercetin arid potassium dibasic phosphate in 
boiling water gave the potassium salt of (+)-dihydro- 
quercetin upon cooling. The light tan solid decomposed 
without melting at 232-246" (reported 240-245'). The 
yield was gayo. 

Potassium salt of ( i ! -d ihydroq!rerce t in .  The ssnie pro- 
cedure used for (+')-dihydroqucrcetin gave the salt of 
( i )-dih!rdrorlueicetiii, light tan rieedles that decomposed 
without melting at  210-22~". Thc yield nas 90%. 

- t ) -n ihy~ l l . uyuc~cc l in  penmacelatc.'o Thrce grmis of 
( +~-dili!.drocliiciecl(in (0.0099 mole). I .05 g. of wr! iuni  
ncctnte :Lri(l 1.5 nil. of acetic anhj,dridc xere heated on a 
stenrn lmth for 3 hr. The rnixture \v:*s then poured slowly 
into a beaker coritairiiiig 7 5  1111. of cold Ivuter, with vigorous 
stirring. After cooling in the refrigerator for 2 hr., the solid 
was filtered from the aqueous solution. The solid was then 
triturated with water; the paste formed was filtered and the 

procedure repeated two additional times. The solid was t,hcn 
dried in vacuo over potassium hydroxide pellets. Thc product 
melting at 88-90", [CY]? S11.G ( c  1.20 in acetone), had a 
slight pink cast. The yield was 4.15 g. (81.7y0). The prcduct 
could not be recrystallized from alcohol-water or acetonc- 
water. 

(=!=)-Dihydroquercetin pentaacetale. Fifteen milliliters of 
acetic anhydride, 1.5 g. ( f )-dihydroquercetin, and 0.75 
g. of sodium acetate were heated on a steam bath for 3 hr. 
The mixture waa poured into 200 ml. of cold water with 
vigorous stirring. After cooling in the refrigerator for 2 hr., 
the solid was filtered from the aqueous solution and recrys- 
tallized three times from acetone-methanol and water (1 : 1 
by volume). The product (1.23 g., 30.5% yield) was oh- 
tained as long white needles, which melted a t  140-140.5°. 

Eriodictyol tetraacetate. Oiie gram of eriodictyol, 15 ml. 
of acetic anhydride, and 0.35 g. of sodium acetate kvere 
heated on a steam bath for 3 hr. The mixture was pnurcd 
into 200 ml. of cold water, with vigorous stirring. After 
cooling in a refrigerator for 2 hr., the solid was filtered from 
the aqueous solution and recrystallized from methanol- 
water three times. The product (0.44 g., 27.1% yield) was 
obtained as fine white needles, melting at 140.5"-141.5". 
Reportedlo melting point is 140-141 '. 

( f ) Dihydroquercetin pentaacetate from the potassium salt. 
Twenty-five milliliters of acetic anhydride and 1.16 g. of the 
potassium salt were heated on a steam bath for 3 hr. The 
solution was poured into 200 ml. of cold water with vigoroils 
stirring. After cooling in the refrigerator overnight the solid 
was filtered from the aqueous solution and recrystallized 
from acetone--methanol-watcr (1 : 1). The solid was recrys- 
tallized three times from methanol-water. The product 
(0.5 g., 28.8%) melted at  130-131°, (a)Y $8.6 ( c  1.05 in 
acetone). 

( A) Dihydroquercetin pmtuucetate from the potassium sall. 
One-half gram of the potassium salt and 10 ml. of acetic 
anhydride were hcated on a stcam bath for 3 hr. The solutioo 
was poured into 100 ml. of cold watcr with vigorous stirring. 
After cooling in the refrigerator for 2 hr., the solid ~ ~ 1 8  fi!. 
tered from the aqueoue solution and recrystallized from 
methanol-watct three times. The product (0.25 g., 29.4% ,: 
was obtained as fine whit6 necdles, which melted a t  140- 
150'. Melting point when mixed with pentaacetate from 
(k) dihydroquercetin was 149-150'. 

(+) Dihydroqzrercetin tetraacetate. Ten grams of ( -t 1. 
dihydroquercetin, 35 inl. of acetic anhydride, arid 35 drops of 
pyridine wcrc snirlcd togethcr at room temperature. After 
10 min., the solid dissolved. Swirling was continued, and 
after another 5 min., solid started separating. When thc 
mixture stiffened so that swirling could not be continued, 
200 nil. of cold water mere added arid the mixture was re- 
frigerated for. 2 hr. The solid was filtered from the aqueous 
solution and recrystallized from acetone-met~ia~iol-water 
(1: 1). The solid then was recrystallized twice from metha- 
nol-water. The product (6.4 g., 41.2%) was oGtained 1 s  
colorless platelets which melted a t  153.5-154.5', [a] :: 
+18.6(c l.07in acetone). 

( f)-Dihydioquercetin tetraacetate. Ten milliliters acetic 
anhydride, 5 drops of pyridine, and 1.4 g. of (+:-dihydro- 
quercetin were swirled together at room temperaturc for 
15 min. The solid dissolved, but no solid reprecipitstcd. 
The solution was refrigerated for 2 hr. TKO hundred milli- 
liters of cold !rater was added to the solution Rith vigorous 
ehakirig. The mixture thcn ~ m s  refrigerated another 2 hr.  
: t~id the solid filtered from thr aqueous solution and rccrys- 
tullized from acetone-methanol-water (1 : I ) .  The solid 
obi aiiied %vas recryst:tllized tu.0 times froni methanol-water 
for a yidd of 1.30 g. (59.796) of tine, white ncedlrs which 
nieltccl at 170.5-171.5". 

Eri'odicfyol triacetate. Eight niillilit.ers oi acet8ic anhydride, 
5 drops of pyridine, and 0 . i 5  g. of eriodictyol were swirled 
n t  room trmperature for 15 min. During this time the solid 
di~solved ,slowly. The solution was allowed to  stand at room 
temperature, occasionally swirling, for 1 hr. No solid sepa- 
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rated. The solution was refrigerated for 0.5 hr. and 100 ml. of' 
cold water was added with vigorous shaking. The mixture 
\ n s  refrigerated overnight and the solid filtered from the 
vlueous solution. The solid was recrystallized twice from 
vth.tnol-water, finally yielding 0.70 g. (65.0%) of Gne, white 
r.rcdles, which melted at 127.5-128'. 

Anal. Calcd. for CzIHlB09: C, 60.9; H, 4.4; 3 CHaCO, 31.2. 
Found: C, 60.80; H, 4.45; CHsCO, 30.80. 

Astilbin penlaacetale. One gram of astilbin, 10 ml. of acetic 
anhydride, and 5 drops of pyridine were swirled together a t  
room temperature until the solid dissolved (about 1 hr.) 
and the solution was allowed to stand a t  room temperature 
overnight. Two hundred millditers of cold water was added 
with vigorous shaking and the mixture was refrigerated 
overnight. The solid was filtered from the aqueous solution 
and recrystallized twice from methanol-water. The final 
product, 0.23 g. (15.7%), was obtained as fine white granules, 
which melted at 115-116.5'. 

Anal. Calcd. for CrlHnO~s: C, 26.36; H, 4.88, 5 CHrCO 
32.58. Found: C, 26.38; H, 5.35; CHaCO 31.13. 

Tetraacetate of ( +)dihydroquercelin monopohsium salt. 
Six grams of the potassium salt of (+)-dihydroquercetin 
and 60 ml. of acetic anhydride were swirled together for 15 
min. and allowed to stand at room temperature with occa- 
sional swirling for 2 hr. The solid dissolved slowly. The 
solution was allowed to stand in the refrigerator for 6 days. 
The solution then was poured into 500 ml. of cold water with 
vigorous stirring. The mixture was refrigerated for 0.5 hr. 
and the solid filtered from the aqueous solution. Ths solid 
was recrystallized from methanol-watcr. The recovered *did 
:? 63 9.)  was filtered off, and the mother liquor flooded with 
water yielded a second crop of solid (3.44 8.). The first crop 
wae recrystallized twice from methanol-water to yield 1 5  
g. of fine white needles, with melting point of 169-170°, 
[a]': 0.0 (e  1.02 in acetone). 

The second crop was recrystallized from methanol-water, 
'\e solid filtered off, and another crop recovered by flooding 
the mother liquor with water. Each of the two crops was 
recrystallized again from methanol-water and yielded the 
following respectively: 

(a) 0.190 g. of glistening platelets, melting at 161-162', 

(h) 0.250 g. of glistening platelets, melting at 120-121' 

Anal. Calcd. for CnHmClt: CH,CO, 36.45. Found: 170- 

4 + 16.7 ( c 0.72 in acetone). 

19.3 (c0.93in acetone). 

171': CHjCO, 36.77. 160-161': CHSCO, 33.15. 120-121': 
'JHaCO, 36.90. 

A mixture of the compound melting at 170-171" with the 
tetraacetate of ( A)-dihydroquercetin (170.5-171.5"), melted 
a t  171-172'. 

Tetraacelate of ( +)dihydroque7eetin nwnopoiassium salt. 
Poiirteen milliliters of acetic anhydride and 1.5 g. of the 
potassium salt, of (i)-dihydroquercetin were swirled to- 
gether for 15 min. and allowed to stand a t  room temperature, 
with occasional swirling, for 2 hr. The solid slowly dissolved, 
and the solution was allowed to stand in the refrigerator for 
6 days. The solution was added to  200 ml. of cold water with 
vigorous stirring. The mixture then waa refrigerated over- 
night. The solid was filtered from the aqueous solution and 
recrystallized from methanol-water twice. The product, 
0.55 g., 26.5%, was obtained as fine, colorless, glistening 
needles, that melted a t  170-171'. 

A mixture with the tetraacetate of ( f)dihydroquercetin 
(m.p. 170.5-171.5") melted a t  171-172'. With the compound 
(m.p. 170-171') obtsined from the potassium salt of (+)- 
dihydroquercetin, the mired melting point was 171-172'. 

R e d i a  of (+)dihydropuercetin nwnopotaesizcm a& to 
give a mixture of tetra- and pataucetdea.  One gram of the 
potasmum salt and 5 ml. of acetic anhydride were swirled 
together for 15 min., during which time the solid slowly die- 
solved, and then waa allowed to stand at room temperature 
for 1 hr. The solution was refrigerated for 2 hr. One hundred 
milliliters of cold water were added with vigoroue stirring 
and the mixture was refhigerated again for 2 hr. The solid 

was filtered and recrystallized from methanol-water. A small 
amount of solid was obtained, This was filtered off and the 
mother liquor flooded to obtain a second crop. Crop 1 wag 
recrystallized again from methanol-water and gave fine white 
needles (0.06 g.)? melting a t  169- 170". .4 mixture with the 
tetraacetste of (&)dihydroquercetin (m p , 170.5-171.5") 
r-ielted a t  l70-171O. Crop 2 was recrystallized twiae from 
methanol-water. The product obtained (2  9.) was obtained 
as fine, white, long soft ncedles, which melted a t  126.5-1?7". 

Reaction of ( +)-dihydroquercetin monopotassium salt to 
give a mizture of tetra- and penkwcetates. Six milliliters of 
acetic anhydride and 1.5 g. of the potassium salt were treated 
as described above. Two recrystallizations from methsnol- 
water gave long, fine, soft colorless needles (1.55 g.) melting 
a t  130-130.5'. The mother liquors when combined and 
flooded with water became cloudy, but yielded no further 
crops. 

Preparation of mizture of tetra- and pentaacelates f r o m  ( +)- 
dihydroquercetin. Five grams of ( +)-dihydroquercetin, 35 
ml. of acetic anhydride, and 35 drops of pyridine were 
swirled together a t  room temperature for 15 min., during 
which time the solid slowly dissolved. The solution was 
allowed to stand a t  room temperature a total of 2 hr., with 
occasional swirling. The solution was refrigerated for 2 hr., 
then was poured into 500 ml. cold water with vigorous shak- 
ing, and the mixture allowed to stand in the refrigerator 
overnight. The solid was filtered from the aqueous solution 
and recrystallized from acetone-aqueous methanol (1 : 1). 
The solid then was recrystallized twice from methanol water. 
The product (2.5 9.) was obtained as long, fine colorless 
needles, which melted at 123-124'. 

The infrared spectrum was identical to that of the mixture 
obtained from the potassium salt of ( +)-dihydroquercetin 
(126-127'), having two carbonyl frequency absorption 
peaks a t  1680 and 1705 cm.-I 

No work-up of the mother liquors was performed. 
Sakuranetin monoacelate. One-hundred milligrams of 

sakuranetin, 2 drops of pyridine and 5 ml. of acetic anhydride 
were allowed to stand a t  room temperature for 2 hr. One- 
hundred milliliters of water was added, and the mixture was 
placed in the refrigerator overnight. The solid was collected 
by filtration and recryetallized three times from methanol- 
water. The yield of glistening platelets, which melted a t  
140.5-141.5°, was 65 mg. 

Sakuranetin diacelate. Sakuranetin, 350 mg., was heated 
with 10 ml. of acetic anhydride and 0.1 g. of sodium acetate 
on a steam bath for 3 hr. The solution was cooled, 100 ml. 
of water was added, and the mixture was placed in the re- 
frigerator overnight. The solid was collected and recrystal- 
lized three times from methanol-water. The yield of white 
solid, melting a t  116-117', was 150 mg. 

Time study of acetate formation of (+)dihydroquercetin 
and the (+)-mompotassium salt. In  all instances the quan- 
tities of materials were identical; 0.75 g. of dihydroquercetin 
or the monopotassium salt, 8 ml. of acetic anhydride, and 
5 drops of pyridine. After the times specified in Table N, 100 
ml. of water were added, and the solution was refrigerated 
overnight. The solid waa collected and in all instances re- 
crystallized from methanol-water a t  least three times. The 
physical properties of the products obtained are listed in 
Table IV a h .  

All melting points are not oorrected. Ultraviolet spectra 
were determined in 95% ethanol solution with a Beckman 
Model DU spectrophotometer. Infrared spectra were 
measured aa paraf3jn mulls in a Perkin Elmer Model 21 
double beam recording spectrophotometer. 
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