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scribed by Fletcher and Hudson,14 was mixed with 1.65 g. 
of dry, finely powdered silver oxide and 17 ml. of methanol 
and shaken at 20° for seven hours. The solid phase was 
then removed by filtration and the filtrate concentrated 
in vacuo to a sirup. From a solution in 10 ml. of ethanol 
this product deposited 1.31 g. of fine needles; a second 
crop of 0.25 g. raised the yield to 69%. Recrystallized 
twice from methanol and once from a mixture of ether and 
pentane the material melted at 93-96°. A mixed melting 
point with the material obtained in (a) above was unde­
pressed. 

(c) From Tribenzoyl-a-D-xylopyranosyl Bromide with 
Methanol.—Two grams of pure tribenzoyl-a-D-xylopy-
ranosyl bromide was dissolved in 20 ml. of anhydrous 
methanol by boiling for five minutes. Cooled to room 
temperature, seeded and left at +5° overnight, the reac­
tion mixture yielded 0.95 g. of material melting at 94-96°. 
Concentration of the mother liquor led to the isolation of 
0.55 g. more material (m. p. 91-95°), raising the yield to 
83% of theory. Recrystallized from methanol and then 
from a mixture of ether and pentane the product melted 
at 93-96° either alone or in admixture with a sample of 
methyl (3-D-xylopyranoside tribenzoate prepared as de­
scribed in (a). 

The Rate of Reaction of Tribenzoyl-a-D-xylopyranosyl 
Bromide with 1:9 Dioxane-Methanol at 20°.—This 
measurement was conducted in the same manner as that 
employed for the arabinose analog described above. The 
bromide (0.2191 g.) was dissolved in 2.50 ml. of pure an­
hydrous dioxane and diluted with anhydrous methanol to 
25.0 ml., the changing rotation of the resulting solution 
being observed in a 1-dm. tube at 20° and listed in Table 
II. The extrapolated rotation at zero time ( + 1.04°) 
corresponds to a specific rotation of +118.0°, i. e. close 

(14) H. G. Fletcher, Jr., and C. S. Hudson, THIS JOURNAL, 69, 
921 (1947). 

In a search for abundant sources of vitamin P 
active flavonoid pigments,2'3 quercitrin, the 3-
rhamnoside of quercetin (3,5,7,3',4' pentahy-
droxyfkvone) has been isolated from waste peanut 
hulls. 

Lavollay and Neumann4 report that this sub­
stance arrests the autoxidation of epinephrine. 
Richardson, El-Rafey and Long5 found quercitrin 
to be an effective antioxidant for lard and for milk 
fat. 

Quercitrin has previously been isolated from 
several sources, such as Quercus tinctorial and 
golden rod.7 

Experimental 
Isolation.—The peanuts were grown on a farm near 

Norman and were harvested about September 1, 1948. 
They were shelled within a week after harvesting. One 

(1) At present, Rhodes Scholar, Oxford University, Oxford, Eng­
land. 

(2) Rusznyak and Szent-Gyorgy, Nature, 138, 27 (1936). 
(3) Bentsath, Rusznyak and Szent-Gyorgy, ibid., 138, 789 (1936). 
(4) Lavollay and Neumann, Compt. rend., 212, 251 (1941). 
(5) Richardson, El-Rafey and Long, / . Dairy Sci., 30, 397 (1947). 
(6) Boiler, Ann., 87, 101 (1841). 
(7) Guthrie, O'Connor, Stansberg and Savich, T H I S JOURNAL, 66, 

1794 (1944). 

to the specific rotation of +118.7° recorded14 for triben-
zoyl-a-D-xylopyranosyl bromide in chloroform. The 
reaction was essentially completed in one hundred and 
eight minutes, the final rotation being identical to that 
(—0.23°) which may be calculated from the specific rota­
tion of methyl /3-D-xylopyranoside tribenzoate in 1:9 
dioxane-methanol (—28.4° (c, 0.77)), upon the assump­
tion that this product was formed in quantitative yield. 

Summary 

Tribenzoyl-/3-D-arabinopyranosyl bromide re­
acts with anhydrous methanol to give methyl a-
D-arabinopyranoside tribenzoate in good yield. 
Similarly tribenzoyl-a-D-xylopyranosyl bromide 
reacts with methanol to give methyl j3-D-xylopy-
ranoside tribenzoate. 

In the absenCe of an acid acceptor all the ben-
zoylated glycopyranosyl halides thus far investi­
gated which have a benzoyloxy group at carbon 2 
trans to the halogen, react with methanol without 
net Walden inversion while those halides having a 
cis relationship between the groups on carbon 
atoms 1 and 2 react with inversion at carbon 1. 
These facts are in accord with current concepts of 
the influence of neighboring groups in replacement 
reactions. 

The value of the reaction as a preparative 
method has been demonstrated through the syn­
thesis of benzyl a-D-arabinopyranoside. 

BETHESDA, MARYLAND . RECEIVED FEBRUARY 8, 1950 

thousand ninety grams of peanut hulls was extracted ex­
haustively with boiling 95% ethanol. After the extract 
was filtered with suction, using Johns-Manville Celite as 
a filter-aid, it was concentrated to one-twelfth of its origi­
nal volume in a flash-type evaporator.8 The concentrate 
was next filtered, and water was added drop wise to pre­
cipitate a brown resinous material. This brown material 
was removed by swirling the flask vigorously. The resin 
adhered to the walls of the flask and the clear, straw-
colored supernatant liquid was decanted. More water 
was added to the supernatant liquid until a yellow pre­
cipitate formed. After remaining in the cold for several 
days, this precipitate was filtered off and dissolved in 
acetone. Water was added to the acetone solution until 
incipient precipitation had occurred. The cloudy solution 
was set aside for three days and then filtered—the pre­
cipitate being discarded. To the filtrate, water was again 
added, this time until a yellow precipitate formed. The 
precipitate was filtered off and resuspended in water. 
The suspension was heated on the water-bath until only a 
small amount of undissolved matter remained. This 
undissolved material was removed by filtration. On 
cooling the filtrate, a yellow precipitate separated. This 
precipitate was recrystallized twice from boiling water. 

The resulting yellow solid, after air drying, melted at 
185 ° uncor. Moore reports that quercitrin melts at 185 ".• 

(8) Ciereszko, presented before the Fifth Southwestern Regional 
Meeting of the American Chemical Society at Oklahoma City, 
December, 1949. 

(9) Moore, Proc. Chem. Soc, 26, 182 (1910). 
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From the 1090 g. of hulls, 1.188 g. of the pigment 
was obtained. This corresponds to a minimal yield of 
0.109%. 

Color Tests.—The isolated material gave the usual 
flavonol color tests. 

The colors observed in ultraviolet light when the "cliro-
mogenic reagent" technique of Wender and Gage10 was 
applied, agree with those obtained by these workers. An 
authentic sample of quercitrin gave identical results. 

Absorption Spectrum.—A solution containing 1.4 mg. of 
the isolated pigment per one hundred ml. of 95% ethanol 
was used for the determination of the ultraviolet absorp­
tion spectrum. The pure solvent was used as a blank in 
the Beckman Model DU spectrophotometer. The ultra­
violet absorption spectrum of authentic quercitrin of like 
concentration was also determined. Both gave absorp­
tion maxima at 255 and 352.5 mn. Minima were ob­
served at 235 and 280 mu. 

Paper Chromatographic Analysis.—When the isolated 
substance was subjected to the paper chromatographic 
technique of Wender and Gage,10 R/ values were observed 
which corresponded to those of quercitrin its the. solvent 

;.10) W e n d e r a n d Gage , ScicK.t, 109, 287 (19411;. 

Early workers on the chemistry of coffee inter­
preted the green color formed upon the addition of 
ferric chloride to extracts of unroasted coffee, as 
evidence for the presence of tannic acid. Prior to 
1900, this fraction of coffee was known as "caf-
fetannic acid" and was later called "chlorogenic 
acid" in view of the green color formed when solu­
tions of the acid were made slightly alkaline and 
exposed to air. In 1907, Gorter2 isolated the 
crystalline complex, potassium caffeine chlorogen-
ate, from which he prepared the pure acid. The 
structure proposed by Gorter for the compound 
was later disproved by Freudenberg,3 who pro­
posed a structure that, was subsequently estab­
lished by Fischer and Dangschat4 and is illus­
trated in Fig. 1. 
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Kig. 1. Chlorogenic acid. 

T h e u s u a l m e t h o d s 5 of a n a l y s i s i n d i c a t e d t h a t 
t h e a m o u n t of t h i s ac id in coffee w a s a b o u t $%, 

'. 1,1 P re sen t ed in p a r t a t t he A t l a n t i c C i t y Mee t ing ot t be American 
Chemica l Socie ty in Apri l , 1947 
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(3) K a r l F r e u d e n b e r g , Bar., 63B, 232-239 (1920, 
(4) H, O. I . F ischer and Gcrda Dangscba l , ft.-.. 6BB. Ki:;;' Kl-IO 

; lttBJS). 
(5) Io i iomet r ic m e t h o d , K. II, S lu t t a and K. Xi-isser, ibid., 71B, 

1016 (1938); u l t r av io l e t abso rp t ion m e t h o d , R, G. Muurcs , 1). '•. 
M c D e r m o t t a n d T . R . Wood, Anal. Chtm., 20, G20 (1948). 

systems used (phenol, ethyl acetate, »-butanol-acetic 
acid). 

Hydrolysis Products.—The pigment was hydrolyzed by 
boiling a very small portion of it with 0.6% sulfuric acid 
for one and one-half hours. 

L-Rhamnose was identified in the filtrate from the hy­
drolysis mixture by paper chromatography in n-butanol-
acetic acid-water. The aglycone, quercetin, was likewise 
identified in the reaction mixture by this method. It was 
possible to distinguish quercetin from unhydrolyzed quer­
citrin by use of the chromogenic sprays.10 
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Summary 
Quercitrin has been found to be present in waste 

peanut hulls. A method for its isolation has been 
described. 
NORMAN, OKLAHOMA RECEIVED MARCH 6,-1950 

although neither Gorter6 nor later workers could 
isolate more than two-thirds of this amount. 
Work in this laboratory has indicated that at least 
one-sixth of the material which shows up in the 
analyses as chlorogenic acid is markedly different 
in properties from that described by Gorter. This 
material has been isolated and purified, and the 
name "isochlorogenic acid" and the following 
structure are proposed for it 
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Fig. L'. -Isochlorogenic acid. 

I soch lo rogen ic ac id does n o t f o r m a c o m p l e x 
a n a l o g o u s to t h e c rys t a l l i ne p o t a s s i u m caffeine 
c h l o r o g e n a t e b u t is i so l a t ed f rom g reen coffee ex­
t r a c t s b y acidif icat ion w i t h m i n e r a l ac id a n d ex­
t r a c t i o n w i t h b u t y l a c e t a t e , a s o l v e n t in w h i c h 
ch lo rogen ic acid is n e a r l y inso lub le . T h e c r u d e 
acid is f u r the r purified b y r e - e x t r a c t i o n of t h e 
ac id f rom a so lu t ion buffered a t pH. 4 .7 . 

T h e p u r i t y of t h e p r e p a r a t i o n is difficult t o es­
t ab l i sh b y classical c r i t e r i a as n e i t h e r t h e c o m ­
p o u n d n o r a n y d e r i v a t i v e cou ld be o b t a i n e d hi a 
c rys ta l l ine fo rm. T h e r e a c t i o n s t r i e d i n c l u d e d 
p a r t i a l a n d e x h a u s t i v e m e t h y l a t i o n , a c e t y l a t i o n , 

(6) K. Gor te r , .1«« . , 379, 110 U911) . 
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