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The two anomeric methyl Zdeoxy-wribofuranoside di-pnitrobemoatea (I1 and 111) have been obtained in crystalline 
form. Cleavage of the methoxyl group from these glycosides with hydrogen chloride serves as a practical means of preparing 
a new crystalline halide, 2 - d e o x y - 3 , 5 l - ~ r i ~ y l  chloride (IV). With silver pnitrobenzoate this halide 
gives the previously reported zdeoxy-,%r+ribofuranose tri-pnitrobemoate (V) in moderate yield; with methanol it is 
rapidly converted to methyl Zdeoxy3,5di-O-pnitrobenzoyl-,%~ribo~de (111) in high yield. Hydrolysis affords a crystal- 
line zdeoxy-3,5di-O-pnitrobenzoyl-Driboee (VI) which can also be made by the hydrolysis of two new glycosides, the an- 
meric isopropyl Zdeoxy-3,5di~pnitro~~yl-Dribosides ( W I  and IX). 

A t  its melting point, the chloride (IV) evolves hydrogen chloride and pnitrobenzoic acid to afford furfuryl p-nitrobenzoate 
(VII). 

In recent communications2 we have described the 
preparation of the two anomeric 2deoxy-~-ribo- 
uranose tri-p-nitrobenzoates from a 2deoxy-D- 

ribose mercaptal and the use of these esters for the 
synthesis of three 2'deoxy-~-ribofuranosylade- 
nines. An intermediate in these syntheses was 2- 
deoxy-3,5-di-O-pnitrobenzoyl-~-ribosyl chloride ; in 
the earlier work no attempt was made to isolate 
this substance. We now wish to report that a com- 
paratively simple process has allowed us to obtain 
this halide in crystalline form and to study some of 
its properties more closely. 

The acid-catalyzed condensation of reducing 
sugars with simple alcohols to form alkyl or aralkyl 
glycofuranosides has long been used for the syn, 
thesis of a variety of glycofuranose derivatives. 
it has repeatedly been shown that acybted glyco- 
furanosides may be cleaved with hydrogen halides 
in glacial acetic acid to afford acylated' glyco- 
furanosyl halides'; this process has recently been 
employed to obtain such products in crystalline 
form, notably in the D-arabinofuranose Series' 
and in the 2-deoxy-D-ribofuranose series.5 

In the course of the present work, crude methyl 
2deoxy-~-ribofuranoside (readily preparable from 
the free sugar, I) was pnitrobenzoylated to yield 
two crystalline anomeric methyl 2-deoxy-B,li-di4- 
pnitrobenzoyl-eribosides in a total yield of 91%. 
One of these isomers proved to be dextrorotatory 
([a]g +115" in chloroform) while the other was 
weakly levorotatory ([(,]E -5.4" in chloroform); 

(1) ZDeoxy-wribose. VI. H. B. Wood, Jr., and H. I=. 
Fletcher, Jr., J. Osg. C h . ,  26, 1969 (1961). 
(2) R. K. Ness and H. G. Fletcher, Jr., J .  Am. Chem. 

Soc., 81, 4752 (1959); 82, 3434 (1960). 
(3) Cf. H. G. Fletcher, Jr., J'. Am. C h .  Soe., 75, 2624 

(1953); R. K. New, H. W. Diehl, and H. G. Fletcher, Jr., 
J .  Am. Chem. Soc., 76, 763 (1954). 
(4) R. K. New and H. G. Fletcher, Jr., J. Am. C h .  

Soc., 80,2007 (1958). 
(5) M. Hoffer, R. Duschinsks, J. J. Fox, and N. Yung, 

J .  Am. C". Soc., 81,4112 (1959); M. Hoffer,!c&. Ber., 
93,2777 (1960). 

in accord with the usual convention, the a-structure 
I1 will tentatively be assigned to the dextrorotatory 
and the 8-structure 111 to the levorotatory isomer. 

The behavior of each of the two anomers with 
hydrogen chloride in glacial acetic acid was studied 
polarimetrically. With 1.6 molar equivalents of 
hydrogen chloride at 20°, each glycoside muta- 
rotated rapidly to nearly the same final rotation. 
With a much larger excew of hydrogen chloride, the 
two glycosides again behaved alike but the end 
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rotation was somewhat more dextrorotatory. In  
view of these observations, subsequent studies were 
undertaken with mixtures of I1 and 111 and a crys- 
talline 2-deoxy-3,5-di-0-p-nitrobenzoyl-~-ribosyl 
chloride (IV) obtained in 76 to 86% yield. A rela- 
tively simple process for making this halide from 
2-deoxy-~-ribose (I) is described in the experimental 
part of this paper. The new halide bas a specific 
rotation of + 112' in methylene chloride; howevcr, 
in view of the even higher rotation of what is pre- 
sumed to be 2,6-dideoxy-3,4-di-O-p-nitrobenzoy1- 
/3-Dribo-hexosyl chlorides and other rotatory anoma- 
lies associated with certain derivatives of the 2- 
de oxy aldose^,^ further evidence seems required 
here before assignment of an anomeric configuration 
to this halide. 

While the pure halide could be stored a t  room 
temperature over soda lime and phosphorus pentox- 
ide for some weeks without significant decomposi- 
tion, the substance proved, as might be expected, a 
highly reactive one. With silver p-nitrobeuzoate 
it gave 2-deoxy-1,3,5-tri-0-p-nitrobenzoyl-~-~-ribo- 
furanose (V)z in 44% yield; a small amount of more 
dextrorotatory material, closely resembling the 
anomeric ester, was also obtained. 

With methanol in the absence of an acid acceptor, 
the halide underwent solvolysis with great rapidity, 
giving methyl 2deoxy-3,5di-O-p-nitrobenzoyl-~- 
D-riboside (11 I) in 86% yield. 

Hydrolysis of the halide afforded a crystalline, 
dextrorotatory 2deoxy-3,5di-O-p-nitrobenzoy1-~- 
ribose (VI) which, on p-nitrobenzoylation afforded 
both of the anomeric 2-deoxy-~-ribofuranose tri-p 
nitrobenxoates. The same di-p-nitrobenzoate (VI) 
was made by an altemative method. 2-Deoxy-~- 
ribose was treated with isopropyl alcohol and hy- 
drogen chloride to give tt mixture of glycosides 
which was subjected to the action of periodate to 
remove any pyranosides present and then p-nitro- 
benzoylated. Two anomeric isopropyl 2dcoxy-3,5- 
di-0-p-nitrobenzoyl-D-ribosides (VIII and JX) were 
isolated; the dextrorotatory one  C CY]^ +109.9' 
in chloroform) is tentatively assigned structure IX 
while the levorotatory one  C CY]^ -16.4' in 
chloroform) is assumed to correspond to structure 
VIII. Each of the anomers was found to  hydrolyze 
in aqueous dioxane, 0.1N in sulfuric acid, to give a 
solution of the same rotation. Hydrolysis of a 
mixture of the two anomers gave 2deoxy-3,5-di- 
0-pnitrobenzoyl-D-ribose (VI), identical with the 
ester obtained by the hydrolysis of the chloride 
(IV). 

In  Table I values of 2B, derived from three ano- 
meric pairs of Z-deoxy-~-ribofuranose derivatives 
listed, are shown. The agreement among these 
three is normal for such comparisons and suggests in 

(6) W. U'. Zorbach and T. A. Payne, J. Am. Chem. SOC., 
8 2 ,  4979 (1960). 

(7) J. J. Fox and I. Wempen, Advances in Carbohydrate 
Chem., 14,340 (1959) ; R. U. Lemieux, and M. Hoffer, Can. 
J. Chem., 39, 110 (1961). 

these cases that the assignment of anomeric con- 
figuration is a t  least consistent. 

TABLE I 
DERIVATIVES OF %DEOXY-3,5-D1-0-p-NITROBENZOYL- 

D-RIBOSE 

Substituent and 
Configuration [a1 a. 

a t  C-1 (CHCla) [MI Y 2B 

Methyl ~1 +115" $51,300 48,900 

Isopropyl Q $109.9" $52,100 44,320 

p-Nitrobenzoyl Q +70. 7"O $41 , 100 51,040 
p-Nitrobeneoyl p + 17.1 $9,940 

a Ref. 2. 

2-Deoxy-3,5-di-O-p-nitrobenzoyl-~-ribosyl chlo- 
ride (IV) melts a t  107-109", hydrogen chloride 
being evolved and a higher-melting solid being pre- 
cipitated. Quantitative investigation of this rcac- 
tion showed a weight loss close to that expected for 
one mole of hydrogen chloride and led to the isola- 
tion of approximately one mole of p-nitrobenzoic 
acid. From the remainder of the material was iso- 
lated, in low yield, furfuryl p-nitrobenxoate* (VII). 
Presumably this product arose from one or two 
cis eliminationsQ; pyrolytic eliminations of this 
type have not, to our knowledge, been observed 
with acylated glycosyl halides before. Howevcr, 
some of the cardiac glycosides (Z16-dideoxyhexo- 
sides) have been found to give 6-deoxy-D-ribo- 
hexo-pyranos-1-ene (digitoxal) on pyrolysis, and 
a nonpyrolytic dehydrohalogenation of a 2-dcoxy- 
glycopyranosyl halide has been 

Methyl @ -5.4" -2,400 

Isopropyl @ -16.4" -7,780 

 EXPERIMENTAL'^ 

The a n d c  methyl &o!eoxy-3,5-di-O-p-nitrobenroyL~- 
ribosides ('I1 and 111). A solution of 5.00 g. of 2deoxy-~-  
ribose in 90 ml. of absolute methanol was treated with 10 
ml. of 0.1% (w./v.) (0.0274N) hydrogen chloride in methn- 
no1 and the rotation of the resulting reaction mixture ob- 
served polarimetrically a t  20" (4dm. tube). After ca. 2 hr. 
the rotation attained a maximum (a? fS.70') and the 
mixture was then neutralized with 1 g. of silver carbonate. 
The insoluble salts were removed hy filtration with Celite 
and the filtrate concentrated in vacuo to a sirup which was 
treated with a suspension of 5.2 g. of sodium metaperiodatela 
in 200 ml. of phosphate buffer (O.lM, pH 7.0). The suspen- 
sion (pH 6.4 to 6.8) waa stirred for 18 hr. a t  room tempera- 
ture and then Concentrated in vacuo to dryness. Absolute 

(8) R. D. Kleene and S. Fried, J. Am.  Chem. SOC., 62. . .  
35i6 (1940). 

(9) Cf. C. H. DePuy and R. W. King, Chem. Revs., 60, 
431 (1960). 

(10) A. Windaus and G. Schwarte, Nachr. Ges. Wiss. 
GBttingen. Math. Physik. Klasse, 1 (1926): Chem. Abstr., 21, 
3618 (1927). 

(11) F. Micheel. Ber.. 63.347 (1930). 
(12) Melting points are corrected. ' 

(13) In subsequent preparations where a mixture of the 
anomeric glycosides was employed for the preparation of 
the halide IV, it waa found that this periodate oxidation, 
designed to remove traces of pyranosides, could be omitted. 
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ethanol (250 ml.) was evaporated in vacuo from the residue to 
remove water and the product extracted with warm benzene 
(10 X 50 ml.). The combined extracts were filtered and con- 
centrated to dryness; the residue (4.76 9.) was dissolved in 
50 ml. of water and the solution passed through an equal 
volume of Amberlite IRA-400-OH- to remove periodate 
oxidation products. The combined effluent and washings 
(450 ml.) were concentrated in vacuo (60-80' bath) to a 
sirup (4.00 g., 72%). A portion (0.9866 g.) of this sirup was 
dissolved in 5.0 ml. of dry pyridine and, after cooling, 
treated with 3.0 g. of gnitrobensoyl chloride. The reaction 
mixture was stirred a t  room temperature overnight and the 
excess acyl chloride then decomposed with a little water. 
Dissolved in methylene chloride, the crude product was 
washed successively with water, cold 3N sulfuric acid, and 
saturated aqueous sodium bicarbonate. Magnesium sulfate 
was used to dry the solution which was then concentrated 
in vacuo to a sirup which, from 125 ml. of absolute ethanol, 
afforded 1.26 g. (42% based on the crude glycoside) of 
crystalline methyl 2-deoxy-3,5-di-0-pnitrobenzoyl-~-~-ribo- 
side, m.p. 138-141'. Recrystallization from 100 pa- of 
absolute ethanol and then from 55 parts of benzene-pentane 
(1 : 1) gave the pure ester, melting at 143-144' and showing 
[a ]y  -5.4' in chloroform (c 1.16). 

Anal. Calcd. for C~OHI~N*OIO (446.36): C, 53.81; H, 4.06; 
N, 6.28. Found: C, 53.59; H, 4.09; N, 6.03. 

The main filtrate from the above preparation was con- 
centrated to dryness and the residue dissolved in a mixture 
of 100 ml. of ether and 50 ml. of pentane. The solution was 
seeded14 and cooled to -5", more pentane (100 ml.) being 
gradually added as crystallization progressed: 1.46 g., 49%, 
based on the crude methyl 2-deoxy-D-ribofuranoside. The 
combined, over-all yield from 2-deoxy-D-ribose was 66%. 
The crude a-ester (m.p. 80-cu. 88') was recrystallized from 
ether-pentane and then from ether-hexane: m.p. 83-85', 
[ a ] y  +115' in chloroform (c 1.84). 

Anal. Calcd. for CtoH18N9010 (446.36) : C, 53.81; H, 4.06; 
N, 6.28. Found: C, 53.62; H, 4.16; N, 6.14. 

Behavior of the arunnetic methyl 9-okoxy-8,6-di-0-pniro- 
benzoyl-psibosicles (I1 and 111) with hydrogen chloride in 
gtuciul acetic acid. Methyl Zdeoxy-3,5-di-O-p-nitrobenzoyl- 
a-D-riboside (II,43.0 mg.) was dissolved in 0.50 ml. of glacial 
acetic acid in a 0.50-dm. polarimeter tube and the solution 
treated with 1.50 ml. of acetic acid containing 5.7 mg. (1.6 
mole equivalents) of hydrogen chloride. Observed at 20°, 
the solution showed the following rotations: +1.19' (1.3 
min.), 1-0.89' (22:5 min.), $0.71' (57 min.), and +0.61' 
(196 min.). Assurmng complete conversion to the halide, the 
latter value corresponds to [a]? ca. +56'. 

Methyl Zdeoxy3,5-di-O-gnitrobenzoyl-8-D-riboside (111, 
42.2 mg.) was treated in the same fashion to provide the 
following rotational values: -0.03' (1 min.), +0.26' (7.3 
min.), +0.53" (67.5 min.), +0.56' (103 min.), +0.57' (139 
min.), and $0.54' (270 min.). The value &t 139 min. corre- 
sponds to [a]? ea. +54' assuming complete conversion of 
the glycoside to the chloride. 

Under strictly comparable conditions (2 ml. of solution in 
0.5dm. tube) but with 25 molar equivalenta of hydrogen 
chloride, a sample (42.3 mg.) of the -glycoside mutarotated: 
+0.88' (0.5 min.), +0.76' (2.5 min.), and +0.75' (17min.). 
Assuming complete conversion of the glycoside to the chlo- 
ride, the latter value corresponds to [a ]y  ca. +70'. Simi- 
larly, the &glycoside (42.2 mg.) with 25 molar equivalenta 
of hydrogen chloride gave: +0.35' (0.5 min.), +0.71' (3 
min.), +0.73' (4.3 min.), and +0.74' (7, 10 min.). Assum- 
ing complete conversion, the final value corresponds to 
[a]: ca. +69". Prepared aa described below, pure 2-deoxy- 
3,5-di-O-gnitrobenzoyl-~ribosyl chloride shows [a] ? +61" 
in glacial acetic acid (c 2.73). 
kDwxy~,6-di-O-pndtr~~~~-~o~Z CMOridc (IV). For 

(14) Seeds of methyl 2-deoxy-3,5-di-O-pnitrobenzoyl- 
a--riboside were first obtained by leaving a aample of the 
material in ethanolic so!ution for 3 days at -5'. 

the preparation of comparatively large quantities of the 
mixed anomeric methyl 2-deoxy-3,5-di-O-p-nitrobenaoyl-~- 
ribosides, suitable for conversion to the chloride (Iv), the 
following procedure was developed. 

A solution of 20.0 g. of L-deoxy-~-ribose in 360 ml. of 
absolute methanol was treated with 2.75 ml. of 0.667N 
methanolic hydrogen chloride and the rotation of the re- 
sulting mixture observed a t  20". After 39 min. a maximum 
([a]? = +8.4', 4 dm.) was attained and thereaction halted 
through the addition of 100 ml. of pyridine. The mixture was 
concentrated in uucuo (60" bath) to a sirup which was diluted 
with 50 ml. of pyridine and the solution reconcentrated in 
order to complete the removal of the methanol. The amor- 
phous residue was dissolved in 120 ml. of dry pyridine, the 
solution cooled and, while being stirred vigorously, treated 
with 70 g. of pnitrobenzoyl chloride, the halide being added 
over the course of 8 min. and the reaction temperature being 
held below 40'. After standing overnight at room tempera- 
ture, the reaction mixture was cooled to 0' and treated with 
5 ml. of water. Ten minutes later, more water (900 ml.) was 
added and the aqueous layer extracted with methylene 
chloride, the extract then being used to dissolve the pre- 
cipitated sirup. The methylene chloride solution was washed 
successively with aqueous sodium bicarbonate, water, cold 
3N sulfuric acid, and aqueous sodium bicarbonate. Removal 
of solvent in vacuo left a friable mass which waa held a t  
0.2 mm. for 1 hr.: 66.7 g., quantitative.16 The product was 
dissolved in one part of warm ethyl acetate and the solution 
diluted with two parts of warm absolute ethanol. After 
standing overnight at -5', the crystalline material waa 
removed and wmhed with 2 : l  ethanol-ethyl acetate, fol- 
lowed by ethanol and then pentane. After drying, the mix- 
ture of anomeric methyl 2-deoxy-3,5-di-O-pnitrobenzoyl-~- 
ribosides weighed 51.8 g. (78%) and showed a rotation 
+43.3" in chloroform. 

A vigorously stirred suspension of 5 g. of the above prod- 
uct in 30 ml. of glacial acetic acid was cooled in an ice bath 
while a brisk stream of anhydrous hydrogen chloride was 
passed in for a period of 3 min.18 The rate of solution of the 
starting material depends upon the proportion of anomers 
present, the a-form dissolving more rapidly than the 8. 
After ca. 6 min. (and sometimes before all of the starting 
material had completely dissolved) the product began to 
crystallize. After 20 min., 30 ml. of ether waa added and, 
with continued cooling and stirring, hydrogen chloride was 
again rapidly added (1 min.). Ten minutes later, 30 ml. of 
pentane was added and, after 5 min., the mixture was 
brought to room temperature and filtered, the crystalline 
chloride being washed with ether and then with pentane. 
The following data are derived from a number of such 
preparations: weight, 3.83 to 4.32 g. (76-86y0); map. (dec.) 
105-107" (16'per fnin.); [a]? +106-108' in dry methylene 
chloride. As made thus, the product is sufficiently pure for 
the majority of uses. Upon recrystallization from 10 parts of 
dry methylene chloride-pentane ( 1  : l), pure 2-deoxy-3,5-di- 
0-pnitrobenzoyl-=ribosyl chloride is obtained aa fine 
needles melting with decomposition at 107-109' (in bath a t  
95', 16" per min.) and showing [a]: +112O in methylene 
chloride (c 0.82) which had been dried over Drierite. 

Anal. Calcd. for C I ~ H ~ ~ C M ~ O ~  (450.79): C, 50.62; H, 3.35. 
Found: C. 50.75; HI 3.43. 

(15) This glassy solid waa quite suitable for direct con- 
version into the glycosyl chloride. However, conversion of 
it into the crystalline mixture of anomers, as described here, 
proved to be desirable inasmuch aa this facilitated the subse- 
quent preparation of s m a l l  batches of the glycosyl chloride 
aa needed. 

(16) Owing to the insolubility of I11 in ether, the condi- 
tions used by Hoffer et d. (ref. 5) for the preparation of 
some analogous chlorides proved unsuitable and were 
modified as described here. We are indebted to Dr. W. F. 
Scott of Hoffman-La Roche, Inc., for certain details before 
publication (ref. 6). 
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Reaction of +deoxy-3,5-d&O-p-nitrobenzoyl-~-ribosyl chlu- 
ride (Iv> with silver p-nitrobentoate. The crystalline chloride 
(344.2 mg.) was added to a stirred suspension of 500 mg. of 
silver p-nitrobenzoate in 10 ml. of dimethylformamide. After 
3 days the insoluble salts were removed by filtration and 
washed with methylene chloride. The combined filtrate and 
washings were concentrated under reduced pressure to re- 
move the methylene chloride and the remaining dimethyl- 
formamide solution was then poured into 125 ml. of water. 
The solid formed was removed by filtration, dissolved in 
methylene chloride, and the solution dried with magnesium 
sulfate. After removal of the solvent under reduced pressure, 
the residue was dissolved in 5 ml. of hot butanone; while 
slowly cooling, crystallization occurred. Several days later 
the product was collected by filtration and washed with 
hutanone followed by ethanol and by pentane: 196.7 mg. 
(e%), m,p. 125-133°, +lS.O" (c 0.36, chloroform). 
After solution of 155 mg. in hot benzene and seeding with 
the anhydrous form: of the 8-tri-p-nitrobenzoate, both 
solvated and anhydrous forms appeared on cooling, Re- 
warming slightly for several minutes dissolved the solvated 
form which did not reappear on cooling while the anhydrous 
form remained: m.p. 173-175' (in bath a t  160°, 8"/min.); 
[a]y  +16.8" (c 0.89, chloroform). From the original mother 
liquor, by the addition of pentane, additional fractions were 
obtained: fraction 2,65.1 mg. (14247) , [ O( !y +54,3"(chloro- 
form); fraction 3, 17.8 mg. (4.0%), [a), $44.1' (chloro- 
form) and fraction 4, 27.7 mg. (6.3%), [a]: +62.4' (chloro- 
form). Pure 2-deoxy-a-~-ribofuranose tri-p-nitrobenzoate 
shows [a]y  +70.7" in chloroform.$ 

Reaction of d~deoxy-S,6-di-O-p-n~trobenzoy~-n-ribosy~ chlo- 
ride (IV) with methanol. A solution of the chloride (48.0 mg.) 
in 10.0 ml. of dry methylene chloride showed a rotation 
corresponding to  [a] ",109". Within 30 sec. after the addi- 
tion of 10.0 ml. of absolute methanol mutarotation had 
ceased, the new rotation being equivalent to  [u] ?+1.7' on 
the assumption of complete conversion to the met,hyl glyco- 
side. Concentration of the reaction mixture in vacuo afforded 
n crystalline residue which wax washed with absolute etha- 
nol: 41.0 mg. (86%), m.p. 141-143', [a]? -3.0" (chloro- 
form, c 0.90). Mixed with authentic methyl Zdeoxy-3,5-di- 
O-p-nitrobenzo3.1-8-D-ribosideJ it  melted a t  141-144'. 
The anomeric isopropyl d-deaxy-9,6-di-0-p-nitrobenzoyl-~- 

riboside3 (VIII  and IX) . Ten grams of 2-deoxy-~-ribose was 
dissolved in 180 ml. of isopropyl alcohol which had been 
dried over Drierite. The solution was left overnight to allow 
mutarotation and then 20 ml. of 1% (w./v.) hydrogen chlo- 
ride in isopropyl alcohol was added. The optical rotation of 
the solution rose rapidly, reaching a maximum in 20 min.; 
a t  the end of 30 min. the acid was neutralized through the 
addition of 4 g. of silver carbonate. iifter stirring for 1.5 hr. 
the suspension was filtered through a bed of Celite and con- 
centrated in z)acuo to give 12.78 g. of sirup. Any residual sugar 
and any pyranoside were removed by dissolving the sirup in 
400 ml. of 0.1M phosphate buffer ( p H  7.0) and adding 100 
mi. of 0.5M aqueous sodium metaperiodate. After standing 
overnight, the solution wa8 concentrated in vacuo and the 
residue dried by evaporating (in vacuo) 300 ml. of absolute 
:tlc.ohol therefrom. When thoroughly dried, the residue was 
estxacted with warm benzene (5  X 100 ml,). The r,ombined 
rxtracts were fikered and then concentrated to yield a yellow 
sirup (12.13 9.). This was dissolved in 150 ml. of water and 
the solution passed through a column (2.8 X 16 cm.) of 
Arnberlite IRA-400-OH-. The solution and washings were 
then concentrated in vacuo (40' bath) and the sirupy residue 
dried by evaporating absolute alcohol therefrom: 10.63 g. 
(81 yo), The sirup was dissolved in 50 ml. of dry pyridine and 
the pyridine removed in vacuo. It was then dissolved in 250 
ml. of dry pyridine and the solution cooled to 0". p-Nit)ro- 
benzoyl chloride (33.7 g., 3 molar equivalents) was added 
and the mixture left in an ice bath for 1 hr. After standing 
a t  room temperature overnight it was cooled to 0' and 
treated with 3 ml. of water. After 0.5 hr., the mixture was 
diluted with lo00 ml. of methylene chloride and washed 

successively with water (3 X 2000 ml.), 2N sulfuric acid 
(2 X 1000 ml.), saturated aqueous sodium bicarbonate (2 X 
1000 ml.) and, finally, water (2000 ml.), Moisture was 
removed with sodium sulfate, the solution filtered through 
decolorizing carbon, and then concentrated in vacuo to a 
yellow sirup (27.85 g.). Attempts to obtain crystals from 
this product directly were unsuccessful, It was therefore d i 5  
solved in 200 ml. of cyclohexanebenzene (1: 1) and the 
solution passed through a column (3.8 x 26 om.) of alumina 
(Woelm, neutral, Grade 11, 250 g., under cyclohexane). The 
column was washed with 1500 ml. of benzene and the com- 
bined effluents were concentrated in vacuo to give 23.85 g. 
of crystalline product. This was dissolved in 40 parts of 
ether, an equal volume of pentane added and the solution 
seeded. After 24 hr. at room temperature and a further day 
a t  -5" the product was removed: 18.12 g.  On concentration 
the mother liquor yielded 4.24 g. more material. These two 
crops, consisting of the two anomeric isopropyl 2-deoxy-3,5- 
di-0-p-nitrobenzoyl-D-ribosides, were combined: 22.36 g., 
63%, based on Zdeoxy-~-ribose. Separation of the two 
anomers was achieved through the differences between their 
rates of solution in dry ether. The compact needles of the 
a-anomer were less rapidly dissolved by ether; recrystalliza- 
tion from ether-pentane and then from methanol (30 parts) 
gave pure isopropyl ~ - d e ~ z y - b , 6 - d i - O - p - n a ~ r ~ ~ z o y l - ~ - D -  
riboside (IX), melting at  111-112', [a]? +109.9" ( c  1, 
chloroform). 

Anal .  Calcd. for C22H22N201~ (474.42): C, 55.69; H, 4.68; 
N, 5.91. Found: C, 55.82; H, 4.91; N, 5.64. 

The fine needles of the @-anomer dissolved more rapidly in 
dry ether and were recovered from solution by the addition 
of an equal volume of pentane. Recrystallized from ether- 
pentane and then from methanol (20 parts), the isoprojPyl 
bdeox~-3,6-d.G0-p-ni trobenzoyl-~-~-ribosi~ (VIII) melted at  
103-104" and showed [a]: -16.4' in chloroform ( c  1.4). 

Anal .  Calcd. for C2PH2PN~01~ (474.42) : C, 55.69; H, 4.68; 
N, 5.91. Found: C, 55.99; H ,  4.87; N, 5.90. 
2-Deoxy-9,6-d&~-pnilrobenzoyl-D-ribose (VI) (a) from kc+ 

propyl ~ - ~ o x y S , b - d ~ - p - n i t r o b e n ~ o y ~ ~ - r i b ~ ~ ~ ~ ~  (VI11 and 
IX). Aqueous dioxane (80% dioxane), 0.1N in sulfuric acid, 
wafi used a t  50" to hydrolyze the glycosides. In preliminary 
experiments it was found that each of the anomeric glyco- 
sides (VIII and IX) attained a rotation of [a ]y  ca. 55'" 
after about 20 hr. under these conditions. Prolonged hy- 
drolysis (2  days) m a  found t o  lead to the liberation of 
pnitrobenzoic acid. 

A mixture (10.00 9.) of the two anomeric isopropyl 2-da- 
oxy-3,5-di-0-p-nitrobenzoyl-wribosidee was dissolved in 200 
ml. of dioxane; to this solution wa8 added 25 ml. of water 
and 25 ml. of N sulfuric acid. The mixture was heated for 20 
hr. at 50", cooled, and treated with 500 ml. of methylene 
chloride. The solution was then washed successively with 
water (1000 ml.) , saturated aqueous sodium bicarbonate 
(100 ml.) and water (1000 ml.). Moisture was removed with 
sodium sulfate and the solution concentrated to a yellow 
sirup which was dissolved in 85 ml. of methanol-benzene 
(9:l). After 3 days at room temperature, the solution had 
deposited 5.91 g. of crystalline material; dried at 100" for 5 
hr., this sintered a t  135", gave a cloudy melt a t  137-139" 
and a clear melt a t  141'. Recrystallization failed t80 improvc 
these values. In  dioxane (c 0.6) the ester rotates [a]? 
+62",  no mutarotation being observed in 18 hr. or after thr. 
addition of aqueous pyridine. Concentration of the mother 
liquor and crystallization as described above afforded a 
second crop (1.41 g.) of slightly less pure material, raising 
the total yield to  So%. 
Anal. Calcd. for Cl9HlJVnO~o (432.34): C, 52.78; H, 3.73; 

N, 6.48. Found: C, 52.63; H, 3.60; N, 6.23. 
6) F T M ~  2-deoxy-3,6-di-0-p-nitrobenzoyl-~-ribosyl chlmide 

(IV), The chloride (436.5 mg.) was added to a stirred suspen- 
sion of 0.4 g. of silver oxide in 4 ml. of dioxane and 0.3 ml. 
of water. After 30 min., the mixture was diluted with meth- 

(17) Based on assumption of complete hydrolysis. 
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ylene chloride and dried with magnesium sulfate. Upon 
filtration and removal of the solvent by concentration under 
reduced pressure, the resulting sirup was dissolved in 
minimum quantity of absolute methanol and seeded. After 
6 days the crystalline product (211 mg., 50%) was collected. 
I t  showed a rotation of $58" (dioxane) and melted a t  132- 
135' yielding a cloudy melt wh,ich became clear a t  138'. 
There was no depression of the melting point when admixed 
with t,he 2-deoxy-3,5-di-O-p-nitrobenzoyl-~-ribose prepared 
as described above. 

p-Nitrobenzoulation of 9-deoxy-3,5-di-0-pnitrobenzoy~-~- 
ribose (VI). One gram of 2-deoxy-3,5-di-O-p-nitrobenzoyl- 
u-ribose ( 2 . 3  mmoles) was added to an ice-cold solution of 
0.86 g. of p-nitrobenzoyl chloride (4.6 mmoles) in 15 ml. of 
pyridine. The solution was left a t  0" for 10 min. and then 
at  room temperature overnight. It was then cooled, treated 
with a little water, and diluted with 100 ml. of methylene 
chloride. The solution was washed successively with water, 
3 N  sulfuric acid, saturated aqueous sodium bicarbonate, and 
water. I t  was then dried with sodium sulfate and concen- 
trated to  a sirup (1.34 g., 100%) which showed [a]? +So 
in chloroform (c 2 ) .  If this consisted solely of the anomeric 
~-deoxy-D-ribofuranose tri-p-nitrobenzoates,z its rotation 
indicates that it cont.ained 76% of the a-anomer. From 
chloroform-pentane solution the material deposited 740 mg. 
of crystalline product. Recrystallized from chloroform- 
pentane the ester (590 mg., 4497,) was dried in. vacuo over- 
night a t  100": m.p. 160-161", [a]? f71.6' (chloroform, c 
0.5). Mixed with an authentic sample of 2-deoxy-a-~- 
rihofuranose tri-pnitrobenzoate it melted a t  160-162'. Ness 
and Fletcher* reported [a]: f70.7" (chloroform) for the 
substanre. 

On standing, the mother liquors from the first crystalliza- 

tion above deposited 223 mg. of Crystalline material. This 
was recrystallized from chloroform-pentane and dried at  
100' in vacuo overnight: 154 mg. (ll%), m.p. 162-la", 
resolidifying and then melting a t  168-170", [CY]? +15.3" 
(chloroform, c 0.5). 2-Deoxy-p-~-ribofuranose tri-pnitro- 
benzoate* melts a t  172-173' and shows [CY]: +17.1" in 
chloroform. 

Pyrolysis of 2-deoxy-5,5-di-~-p-nitrobenzoyl-~-ribo~y~ chlo- 
rzde (IV) . 2-Deoxy-3,5-di-O-pnitrobenzoyl-~-ribosyl chlo- 
ride (164.9 mg.) was placed in a tared flask which was then 
evacuated to ca. 35 mm. and immersed in an oil bath (110- 
112') for 2.5 min. On reweighing, the material was found to 
have lost 13.0 mg. or 7.9'3,. Loss of one mole equivalent of 
hydrogen chloride is calculated as 8.1%. The residue was 
dissolved in methylene chloride-ether solution and the 
solution extracted with sodium bicarbonate solution. Acidi- 
fication of the aqueous extract yielded 57.1 mg. (93%) of 
p-nitrobenzoic acid, melting a t  238-240'. The organic layer 
was dried with sodium sulfate, filtered through a little 
decolorizing carbon and concentrated in v m  to a sirup 
(80.9 mg.). Several milliliters of hot absolute alcohol was 
added, the mixture centrifuged and the alcoholic layer 
decanted; on standing it deposited 11.2 mg. (12%) of crystal- 
line material melting a t  74-76'. Mixture with an authentic 
sample of furfuryl p-nitrobensoate* (m.p. 76-77') did not 
depress this melting point. In chloroform solution the infra- 
red spectra of the product and of the authentic material 
were identical. 
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Flavonoids of Citrus. V. Structure of Limocitrin' 
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Limoritrin, a lieu flavonol isolated froin letnoiie, is shown to be 3',&diniethoxy-:3,5,7,4'-tetrah~vdroa~ flavone. A synthesis 
of 5-O-nieth~lliniocitriti is described and spectrd d a h  are presented for limocitrin and a number of related compounds. 

Xxtracts of leinon peel (Citrus limon) contain a 
iiiimber of phenolic glycosides which can be hy- 
tlrolvacd ellaymatically by crude preparations of 
h~~tnicc~llulase. The product of this hydrolysis is a 
inixture of polyphenols froin which various flavo- 
noid aglycones, coumarins and substituted cinna- 
niic acids have been separated and identified.? 
IIany oi t'hese conipounds were not, previously 
rcc,ogriixcd as constituents of the lemon, although 
the.y hiid beeii obtained earlier from other plaiit 
sotiiws. Several of the compounds are i l ( ~ v ,  hojr- 
(ivcr, and oiic of these will be described hcrc. 

'l'hc rri tde hydrolytic products can be (wnl-en- 
icntly divided into an ether soluble and ether in- 
soluble fraction. On standiiig for several days the 
ether soluble fraction deposits a small amount of a 
pure, crystalline yellow solid, m.p. 274-275'. 

(1) A preliminary account of this work haa appeared: 
R .  M. Horowitz, J .  Am. Chem. Soc., 79, 6561 (1957). 

(2) R. M. Horowitz and B. Gentili, J. Org. C h . ,  25, 
2183 (1960). 

A slightly better yield of the substance is obtained 
by chromatographing this fraction on a column of 
silicic acid which is eluted with chloroform-acetone. 
The compound can be recognized ab a flavonol by 
the magenta color obtained on reduction with mag- 
nesium iii hydrochloric acid and by its ultraviolet 
spectra in cthanol, arid in  rthaiiol saturated with 
aluminum chloride (Table I). We propose to narnv 
the new flavonol limocztrin. 

Limocitriri coiitains two inethoxyl aiid forir Iiv- 
droxyl groups as shown by aiialyseh of the (wn- 
pound itself arid its tetraacetyl and tetraethyl 
derivatives. Thc location of one of the methoxyl 
groups at the 3'-position and one of the hydroxyl 
groups at  the 4'-position followed from the identi- 
fication of vanillic acid among the alkaline cleav- 
age products. 

Methylation of limocitrin with excess methyl 
sulfate yields a permethyl ether which has the 
same ultraviolet spectrum as that recorded3 for 
3,5,7,8,3',4' - hexamethoxyflavone (gossypetin hex- 


