
2246 MURRAY E. TAYLOR AND T. LLOYD FLETCHER VOl. SO 

[ a ] D  -162' ( C  0.1 in pyridine)27 the melting point of which [ a ] ~  -183" (pyridine). The infrared spectra (Nujol 
was unchanged by admixture of an authentic sample of the mulls) of the two anilides were identical. 
anilide9 of 2,4-di-O-methyl-~-galactose, m.p. 216.5-216", The component, Rr 0.61, 15 mg. yield, undoubtedly was 
(27) An error of at least 15plo may have been involved in measuring 2,4-di-O-meth~1-3,6-anh~dro-~-galactose which survived the 

for the  compound is not surprising, The  rotation to show, methYl-D-galactose (identified by paper chromatography) 
however, tha t  the  acetolysis of VI did not yield 2,4.di.0.methyl-DL- by the procedure described above for the acetolysis of VI 
galactose as  may have been anticipated from the  results obtained by and deacetylation Of the product. 
T. L. Cottrell and  E. G. V. Percival [ J .  Chem. SOL., 749 (l942)l o n  
the  acetolysis of methyl 3,0-anhydro-p-~-galactopyranoside. OTTAWA, ONTARIO, CANADA 

this rotation and ,  consequently, i ts  divergence from tha t  reported since the was converted to 2,4-di-0- 

~~ ~~ ____ 
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Derivatives of Fluorene. 111. Stereoisomerism and Polymorphism of N-Aryl Azo- 
methines 

MURRAY E. TAYLOR AND T. LLOYD FLETCHER 
RECEIVED JULY 15, 1957 

A pair of azomethine stereoisomers and a pair of enantiotropic polymorphs in the 9-phenyliminofluorene series have been 
prepared, isolated and characterized. 

Introduction 
During the preparation of a series of azomethine 

derivatives of fluorene, i t  was found that 2-nitro- 
fluorenone condensed with p-toluidine in the pres- 
ence of a Lewis acid catalyst to give a product iso- 
meric with the product obtained from the condensa- 
tion of 2-nitrofluorene with p-nitrosotoluene in the 
presence of a base. The melting points of the two 
compounds differed by 26". Analogous reactions 
substituting p-nitrosoethylbenzene and p-amino- 
ethylbenzene for p-nitrosotoluene and p-toluidine, 
respectively, yielded the nitrone in one case and the 
ani1 in the other. 

In  a similar series, the condensation of 2,5-di- 
nitrofluorenone with p-fluoroaniline in the presence 
of a Lewis acid yielded two products,2 large hex- 
agonal red-colored plates and fine yellow needles. 
Both had the same elemental analysis and molecular 
weight. The melting points differed by about 2".  
When the catalyst was zinc chloride the main 
product was the red solid. With aluminum chloride 
the product was an equal mixture of both forms. 
A mixture melting point was not depressed. These 
substances undoubtedly are polymorphs. 

While several reports of the isolation of stereo- 
isomeric azomethines have appeared in the litera- 
ture, they are in question or have been proved poly- 
morphs rather than  isomer^.^-^ On the basis of 
dipole moment measurements, i t  has been sug- 
gested that phenylimino Schiff bases can exist in 
the trans form only,4 and, in the case of benzyli- 
deneaniline, a linear arrangement for the N-phenyl 
group has been suggested.' Thus i t  was of in- 
terest to investigate the compounds we obtained 
because of the question concerning the ability of 

(1) This work was supported in part  by a research grant (C-1744) 
from the  Xational Cancer Insti tute of t h e  National Institutes of 
Health, Public Health Service. For the  preceding paper in this series 
see footnote 2. 

(2) M. E. Taylor and T. I,. Fletcher, J .  Org. Cham., 21, 523 (1956). 
(3) 0. Anselmino, Ber . ,  40, 3466 (1907). 
(4) V. D e  Gaouck and R. J. W. Le Fsvre, J. Chem. SOL., 741 (1938). 
( 5 )  W. Manchot and J. R. Furlong, Re?. ,  43, 3030 (1909). 
(6) V. De Gaouck and R. J. W. Le FPvre, J. Chcm. Soc., 1392 

(1939). 
(7) C. Wiegand and E. Merkel, A n n . ,  660, 175 (1942). 

an azomethine to exist in two stereoisomeric 
forms. 

E~per imenta l~ .~  
Method-A. A 

mixture of 5.6 g. (0.025 mole) of 2-nitrofluorenone (m.p. 
224.5-225.0"), 4.3. g. (0.040 mole) of p-toluidine and 0.25 
g .  of freshly fused zinc chloride was heated a t  160-170" for 
45 min.; a melt quickly formed. The cooled reaction mix- 
ture was dissolved in hot chloroform and the solution was 
filtered. The insoluble toluidine-zinc chloride compound 
was removed by filtration. A mixture of amorphous yellow 
unreacted 2-nitrofluorenone and crystalline orange-colored 
product totaling 7.4 g. was obtained by crystallization from 
the chloroform. The density of the product was much 
greater than that of the 2-nitrofluorenone; thus the latter 
was removed by stirring the mixture in ether and decanting. 
The procedure was repeated until a nearly pure product 
remained. It then was recrystallized from chloroform. 
heated under vacuum a t  184" until a sublimate was no 
longer evident and recrystallized twice from benzene; yield 
5.6 g. of large, orange-colored rods, m.p. 192-193". Crys- 
tallization from acetone gave m.p. 192-193". 

Anal. Calcd. for CZOHl4N2O2: C, 76.42; H, 4.49; N, 
8.91; mol. wt., 314. Found: C, 76.22; H, 4.31; K, 8.83; 
mol. wt. (Rast method), 311. 

Method B.-Five drops of 1% sodium ethoxide in ethanol 
was added to a refluxing solution sf 4.2 g. (0.020 mole) of 2- 
nitrofluorene (m.p. 1,59.0-1,59.5°) and 3.4 g. (0.028 mole) 
of p-nitrosotoluene (m.p. 47-48")10 in 450 ml. of absolute 
ethanol. The solution was refluxed 3 hours. The product 
crystallized from the cooled solution and was collected on 
the filter. Further crops were obtained by concentrating 
the mother liquors: yield 6.08 g., m.p. 210-215'. Crys- 
tallization from benzene raised the m.p. to 214.5-215.5'. 
Crystallization from acetone produced orange-colored rods, 
m.p. 217.5-218.5'. A series of mixture melting points of 
20%, 40%, 50%, 607, and 80% of the product from A it1 
that from B were 193-207", 192-202 , 189-203", 190-202' 
and 190-197", respectively. 

N-( 2-Nitrofluor enylidene )-p-toluidine. 

Anal. Calcd. for CpOHi4N2O2: C, 76.42; H, 4.49; s, 
8.91; mol. wt., 314. Found: C, 76.27; I I ,  4.46; N, 8.96; 
m 4 .  wt. (Rast method), 307. 

Inoculation of a supersaturated solution of the product 
from method .A in benzene with a crystal of the product from 
method B produced no crystallization a t  room temperature 
for three days, although the crystal used as seed did not 

(8) All melting points are corrected. 
(9) Analyses were performed by Drs. Weiler and Strauss, Oxford, 

England, and Schwarzkopf hIicroanalytical Laboratory, Woodside, 
hT. Y. 
(10) Prepared by method of R. Lutz and M. Lytton, J. Org. Chem., 

2, 73 (1937). 
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dissolve. Large crystals formed slowly after the third day. 
The? were collected on a filter the eighth day, m.p. 191.5- 
193 . 

Hydrolysis of N-( 2-Nitrofluoreny1idene)-p-toluidine . 
Product from Method A.-Azomethine (m.p. 192-193", 
0.5 9.) was dissolved in 50 ml. of glacial acetic acid, and a t  
reflux 5 ml. of concentrated hydrochloric acid was added. 
The solution was refluxed 1 min.; an equal amount of water 
was added and the solution cooled. Long, yellow needles 
crystallized and Tzere collected on the filter; yield 0.35 g., 
m.p. 222.5-223.0 . A mixture melting point with authen- 
tic 2-nitrofluorenone gave no depression. 

Product from Method B.-homethine (m.p. 217.5- 
218.5", 0.30 9.) in 25 ml. of glacial acetic acid was treated 
as above, yielding 0.19 g. of yellow needles, m.p. 223.0- 
223.5', giving no depression of the melting point with 2- 
nitrofluorenone. 

N-(2-Nitrofluoreny1idene)-p-ethy1aniline.-A mixture of 
11.2 E. (0.05 mole) of 2-nitrofluorenone. 9.7 g. (0.08 mole) of 
p-amkoethylbenzene" and 1 ml. of boron fluoride ethyl 
ether was heated for 20 min. a t  130-135". Crystallization 
from chloroform yielded 5.4 g. of unreacted 2-nitrofluorenone 
and 8.0 g. of fine orange-colored needles, m.p. 167.5-168.0'. 

Anal. Calcd. for C21HleS202: C, 76.81; H,  4.91; N, 
8.53. Found: C, 76.62; H, 4.86; N, 8.69. 

N-( 2-Nitrofluorenylidene )-+e thylaniline-N-oxide .-A 
solution of 4.7 g. of p-nitrosoethylbenzenelo in 20 ml. of ab- 
solute ethanol was added to a refluxing solution of 4.2 g. 
(0.02 mole) of 2-nitrofluorene in 380 ml. of absolute alcohol. 
Then 5 drops of 0.5% sodium ethoxide solution was added 
and reflux was continued for three hours. Ethanol (100 
ml.) was removed by distillation and the solution was cooled 
yielding 2.7 g. of transparent yellow plates, m.p. 185-195" 
dec. Recrystallization from benzene raised the m.p. to 
217-218' dec. 

Anal. Calcd. for C21HleN203: C, 73.23; H,  4.58; N, 
8.14. Found: C, 73.49; H,  4.68; N, 8.09. 

N-( 2,5-Dinitrofluorenylidene)-p-fluoraniline was prepared 
with aluminum chloride catalyst.* A chloroform solution 
of the product yielded red plates and yellow needles. A 
mixture of absolute ethanol and benzene (4: 1) dissolved the 
yellow crystals. The red compound was pulverized and 
heated a t  176' for 3 hr. Recrystallization from carbon 
tetrachloride yielded 5.7 g. of red plates, m.p. 182-183.5'. 

Anal. Calcd. for C ~ ~ H I O F N ~ O ~ :  C, 62.81; H, 2.78; N, 
11.57; mol. wt., 363. Found: C, 62.88; H, 2.77; N, 
11.50; mol. wt. (Rast method), 370. 

Concentration of the alcohol-benzene extract produced 
yellow crystals. Fractional crystallization from acetone 
removed 4.5 g. of unreacted 2,5-dinitrofluorenone, m.p. 
244-245" (subl.), and 5.6 g. of long yellow needles were 
recovered, m .p. 183-184.5'. 

Anal. Calcd. for C19H10N304F: N, 11.57; mol. wt., 363. 
Found: N, 11.59; mol. wt. (Rast method), 361. 

The two forms were easily interconverted. When an 
alcoholic solution of the yellow product was allowed to stand 
a t  room temperature, the red form crystallized in about 
three hours. The red form crystallized from benzene or 
tetrachloroethylene as yellow needles. A portion of the 
yellow product covered with tetrachloroethylene reverted 
to the red form in about three hours. A mixture of the red 
and yellow forms melted a t  181-183". 

Hydrolysis of N-( 2,s-Dinitrofluoreny1idene)-p-fluoroani- 
line.-Each form was hydrolyzed in the manner described 
above. In  each case, long yellow crystals resulted, m.p. 
245.5-246.5' (subl.) and gave no melting point depression 
with authentic 2,5-dinitrofluorenone. 

Physical Measurements.-The infrared absorption spec- 
tra were obtained with a Perkin-Elmer model 21 spectro- 
photometer equipped with a sodium chloride prism. The 
KBr disks were made by grinding the compound in a mortar, 
thoroughly mixing i t  with Harshaw Chemical Co. infrared 
grade potassium bromide, vibrating the mixture in a Wig L 
Bug amalgamator manufactured by the Crescent Dental 
Mfg. Co., for 3 min. and pressing a t  20,000 lb. total load. 

The ultraviolet absorption spectra were obtained with a 
Beckman DU spectrophotometer. 

(11) Prepared by the method of D. Balcom and A. Furst, THIS 
JOURNAL, 1 5 ,  4334 (1953). 

The refractive index increments were obtained with a 
Phoenix Precision Instrument Co. B-S differential refrac- 
tometer." The constant, relating change of position of 
slit image with change of cell to change in refraction, was 
9.17 X lo-' for the green Hg line a t  5461 A. Stock solu- 
tions of the compounds in chloroform, 10 mg. of compound/ 
1 ml. of solvent, were diluted for the measurements by taking 
aliquots and adding solvent to give 0.5070 and 0.25% solu- 
tions. The specific refractive increment An/c  is apparently 
independent of the concentration a t  these dilutions. The 
temperature a t  which the measurements were made was 
22 & 0.3'. 

X-Ray diffraction determination of molecular weights 
as well i s  the comparison of intensities of the N-(2-nFtro- 
fluoreny1idene)-p-toluidine compounds were obtained by 
means of Weissenberg and oscillation photographs about the 
b-axis (CuK, = 1.5418 A.). Measurement of the diffrac- 
tion patterns gave the following unit cell para.meters: 
compound m.p. 217.5-218.5'; ao sine p = 43.68 A,., bo = 
31.28 A., co = 9.46 A.; compound map.  191-192'; a0 sine 

= 42.50 A., bo = 30.80 A., co = 9.61 A. 
Densities of N-(2-nitrofluorenylidene)-p-toluidine as de- 

termined by the flotation methodI3 using carbon tetrachlo- 
ride and alcohol a t  24-25" were 1.311 g./cc. f x  the com- 
pound melting a t  217.5-218s0, and 1.308 g./cc. for the 
compound melting a t  191-192 . 

Results and Discussion 
Figure 1 shows the molar extinction coefficient as 

a function of wave length in the ultraviolet region 
for the two N-(2-nitrofluorenylidene)-p-toluidine 
products. It is noteworthy that although the spec- 
tra are very similar in shape and general regions of 
absorption, emax of the higher-melting compound 
is the larger and appears a t  a shorter wave length, 
whereas the secondary absorption band is found a t  
a longer wave length and is less intense than the 
corresponding band of the lower-melting compound. 
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Fig. 1.-Ultraviolet absorption spectra of N-(Znitro- 
fluoreny1idene)-p-toluidine compounds in 95% ethanol: 

, acid-catalyzed condensation product of ketone and 
amine; - . - , base-catalyzed condensation product of 
methylene and nitroso compounds. 

These differences could be expected by analogy 
both with isomeric azobenzenes and stilbenes. In 
these series i t  has been found generally that. trans 

(12) B. Bruce and A l .  Halever, J .  O p t .  SOL. Amer. ,  41, 1033 (1951). 
(13) N. Cheronis, "Technique of Organic Chemistry," Vol. VI, A.  

Weissberger, ed., Interscience Publishers, Inc., New York, N .  Y.. 
1954, pp. 195199. 
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Fig. 2.--Infrarcd absorption spectruni of N-(2-nitrofluorenylidene)-p-toluidiiie, m.p. 192-193', in KBr disk 
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Fig. 3.--Infrared absorption spectrum of N-(2-nitrofluorenylidene)-p-toluidine, m.p. 217.5-218.5", in KBr disk. 

isomers h a y  a greater absorption at the maximum 
near 3000 A. l4 Theoretical deduction'j indicates 
that  the more elongated of two isomers absorbs the 
more strongly and on this basis it is possible that 
the compound melting a t  191-192" (see Fig. 1) is 
the more elongated; that is, the phenyl group at- 
tached to the nitrogen atom is oriented away irom 
the benzene ring of the fluorene nucleus bearing the 
nitro group. 
A change of solvent from hexane to absolute 

ethanol to 50y0 aqueous ethanol produces a shift 
in absorption of 1 to 3 nip in the 237 mp region while 
the absorption band a t  285-286 mp undergoes a 
bathochromic shift of about 10 nip, indicating that 
the latter absorption probably is due to K-bands.lG 

The infrared absorption spectra of the two N-(2- 
Iiitrofluorenylidene)-P-toluidine isomers in potas- 
sium bromide pellets are reproduced (Figs. 2 and 3 ) .  
The absorption in the 0.1-6.2 mp region, tentatively 
assigned to the >C==N- band, shows a change 
from 1050 to 1640 cm- '  froin the lower to higher 
ineltiiig compouiid. The absorption of the low 
iiielting isomer a t  1370 ~ i i i . - ~  is evidenced only :IS a 
shoulder for the other isomer, whereas the bands at 
1260 and 730 ciii.-l in tlie spectrum of tlie high 
ineltiiig isomer arc absent in the spectrum of thc low 
1 nelting isomer. 

Infrared spectra (if  thc two N-(2-nitrofluorenyl- 
idene)-p-toluidine isomers also were obtained in 
chloroform solution. The spectra were similar as 

(1039). 
(14) <A. 1%. Cook, D. G. Jones and J. B. Polya, J .  Ckem. Soc., 1315 

fiiulliken. .I. Ckein. P h y s . ,  7 ,  364 (1939). 
Gillam, E. S .  Stern and E. I<. H. Jones, "Ax Introduct inn 

ir Ahsorption Spectroscopy in Organic Chemistry," 
l ' . ~ l b ~ ~ ~ r d  ) \ r i i<>ld  I t , l  . T n n r l c , n ,  Rng1;iiirl. 195 je  1). 233. 

to general regions of absorption, but the following 
differences were noted. The higher-melting isomer 
showed a single absorption a t  918 cm.-' whereas 
the lower-melting isomer showed a double absorp- 
tion in that region, one at 918 and another a t  907 
cm.-l. The first-mentioned compound absorbed 
a t  1265, 1287, 1315 and 1370cm.-l. Thelatter ab- 
sorbed at 1275 em.-', very weakly at 1282 and a t  
1305 em.-' but i t  did not absorb in the 1370 cm-I  
region. It is also interesting to note that both com- 
pounds absorbed at 1610 and 1620 em.-' but the 
intensities were reversed. Although the spectra, 
both in potassium bromide pellets and in chloro- 
form solution, indicated that the substituents of 
each niolecule are the same, there are small differ- 
ences which would be expected for isomers. 

The specific refractive index increments, An,'c, 
where c i s  the concentsation in g./ml., as determined 
for the low melting compound were 0.240, 0.242 
and 0.243 for the 1.00, 0.500 and 0.2.507$ solutions, 
respectively, average 0.242. The values for the 
higher rneltiiig compound were 0.252, 0.250 a11d 
0.251 for similar solutions, average 0.251. This 
also indicates that the coiiipouiicls were clissiiiiilar 
in  solution. 

X-Ray analyscs were unclertabcii, aiicl i t  w:is 
found that the unit cell mas coiiiposed of iiiole- 
cules which precluded structural analysis. How- 
ever, molecular weights were determined and in- 
tensities compared. The size of the unito cell for 
the low melting compound was 12,600 A3; the 
density of the crystal was 1.308 g.,/cc., mol. wt. 
310. The unit cell volume of the higher melting 

1.314 compound was 12J9~:> A.3; thc delisity 
g.,", rllol Wyt. 3l9.(i. 
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Intensities of the h01 reflections from crystals of 
the most pure preparation of each compound were 
slightly different. It was thought that  the differ- 
ence might be due to impurities. Diffraction pat- 
terns of the products in various stages of purifica- 
tion showed that impurities did indeed affect the 
intensities, but that  the difference between the pat- 
terns of the most pure preparations could not be ex- 
plained in terms of impurities present during 
preparation. 

The condensations of 2-nitro fluorenone and 2- 
nitrofluorene with p-aminoethylbenzene and p -  
nitrosoethylbenzene, respectively, were undertaken 
because the products, if N-arylazomethines, would 
be the closest analogs of the p-methyl derivatives. 
However, in this case the nitroso condensation 
yielded a nitrone instead of an anil. 

Both differently colored N-(2,5-dinitrofluo- 
renylidene) -9-fluoroaniline products absorbed a t  227 
mh (emax 33.2 X lo3) and a t  279 m p  (emax 26.1 X 
lo3). Shoulders occurred a t  315 mp (emax 10.7 
X IO3) and a t  337 mfi ( t m a x  9.47 X lo3).  

The specific refractive index increments for the 
yellow form were 0.216, 0.213 and 0.223 (av. 
0.217) for the 1.00% 0.50% and 0.25% solutions, 
respectively, and for the red form they were 0.215, 
0.213 and 0.213 (av. 0.214). 

A comparison of the infrared spectra of the two 
compounds in Nujol mulls showed bands a t  1556 
and 1369 cm.-' in the spectrum of the yellow com- 
pound which were absent in the other spectrum. 

Bands in the yellow spectrum a t  1219 and 1228 
cm.-l are replaced by one band a t  1223 cm.-' in the 
spectrum of the red compound. The greater 
number of absorption bands in the spectrum of the 
yellow compound indicates a lesser degree of crys- 
talline order and a lower stability. It is note- 
worthy that both forms of this substance exhibit 
identical spectra in postassium bromide disks. 
Apparently one or both forms changed when sub- 
jected to the pressure necessary to form the disk. 
It would appear that  one cannot always dis- 
tinguish between polymorphs by the potassium 
bromide pellet method. 

Although the two N-(2,5-dinitrofluorenylidene)- 
p-fluoroaniline compounds are markedly different 
in color and gross crystalline structure, the two 
forms are identical in solution. The infrared spec- 
tra of their Nujol mulls are dissimilar, indicating 
that these forms are polymorphs rather than iso- 
mers. 
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Plant Polyphenols. 111. The Isolation of a New Ellagitannin from the Pellicle of the 
Walnut 

BY LEONARD J U R D ~  

RECEIVED NOVEMBER 18, 1957 

The major constituent of the tannin from the walnut pellicle has been isolated. Analyses of numerous derivatives of the 
compound, for which the namejuglunin is proposed, show that its molecular formula is C2?H22O18 and that it contains eleven 
hydroxyl groups. Acid and alkaline hydrolyses of juglanin give ellagic acid (I), gallic acid and glucose. The yields of 
these hydrolysis products and the analytical data indicate that juglanin is a polyphenol formed by the esterification of three 
hydroxyl groups of glucose with a molecule of gallic acid and a molecule of hexahydroxydiphenic acid (11). It is therefore 
isomeric with corilagin, but differs in the position of attachment of the galloyl and/or hexahydroxydiphenoyl units to glucose. 

The isolation of ellagic acid, gallic acid, methyl 
gallate and a mixture of ellagitannins from the 
pellicle (skin) of the walnut has been previously 
reported.2 Complex mixtures of ellagitannins fre- 
quently occur in plants. However, much of the 
earlier work on the structures of these substances is 
of doubtful value because of the dificulties en- 
countered in the separation of individual constitu- 
ents from the tannin mixtures and the lack o€ re- 
liable methods for determining the purity of the iso- 
lated compounds. Thus little progress in the struc- 
tural chemistry of ellagitannins was made until the 
recent work of Schmidt and his co-workers on the 
isolation and chemistry of ~ o r i l a g i n ~ - ~  and che- 

(1) Financial support for this work was provided by the Diamond 

(2) L. Jurd,  THIS JOURNAL, 78,  3445 (1956). 
(3) 0. T. Schmidt and R. Lademann, A n n . .  111, 232 (1851). 

Walnut Growers, Inc. 

bulagic acid687 from coinmercial myrobalans and 
divi-divi. 

Two-dimensional chromatograms of the crude 
walnut tannin show that i t  contains a t  least ten 
polyphenols. Visual examination of the intensity 
of the spots in the developed chromatograms indi- 
cates that the polyphenol mixture consists chiefly 
of one major constituent (Table I, A) and smaller 
quantities of three other components (B,D,E). 
The high Rf value of A in water and the somewhat 
higher Rf values of B, C and D in organic solvents 
suggested the possibility of the selective removal 
of the latter components from aqueous solutions of 

(4) 0. T. Schmidt and  D. M. Schmidt, ibid., 678, 31 (1952:). 
(5) 0. T. Schmidt, D .  hZ. Schmidt and J. Herok, ibid. ,  587, 67 

( 1954). 
(6) 0. T. Schmidt and W. Nieswandt, ibid., 568, 165 (1950). 
(7) 0. T. Schmidt and R. I,ademann, ibid.. 669, 140 (1950). 


