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A study of diphenyl type isomerism in the phenylfuran series has been made.

3-(2-Methyl-6-nitrophenyl)-2,5-di-

niet hyl-4-furoic, 3-(2,4-dimethyl-6-nitrophenyl)-2,5-dimethyl-4-furoic and 3-(2-nitrophenyl)-2,5-dimethyl-4-furoic acids

have been successfully resolved through their quinine salts.

Since the resolution of 2,2’-dinitrodiphenic acid
by Christie and Kenner,! extensive investigation
has done much to elucidate the situation in the field
of the optical isomerism of the diphenyls.? This
type of isomerism has been developed to some ex-
tent in the heterocyclic series,? z.e., phenylpyridines,
dipyridyls, phenylpyrroles, dipyrryls and phenyl-
pyrazoles, where difficulty in synthesis seriously
hampered progress in the field. The present report
covers a study of diphenyl! type isomerism in the
phenylfuran series. First, it was necessary to pre-
pare compounds which have substituents suffi-
ciently large to give an interference value® capable
of restricting free rotation. In the d1pheny1 series
(Fig. 1), the C-C bond in the rings o and o’ is'1.42

‘Fig. 2

Fig. 1.

A. The C-C bond between rings is 1.48 A., hence
the distance AB when o and o’ are Coplanar is ac-
curately known to be 2.90 A. No such data are
available in the phenylfuran series. Distances AB,
DG and EF (Fig. 2) are not known. The available
data for the benzene ring are given by Schomaker
and Pauling® who found the C-C bond to be 1.39 =%
0.02 A. and the C-H bond to be 1.08 = 0.04 A.
while the C-C-C angle equaled 120° and the H-C-
C angle equaled 120 + 3°. The information on
the furan® ring is summarized in Fig. 3. No data
ar® available for phenylfurans and, therefore, be-
fore approaching the present problem, a few as-

a = 107x4°
8 = 109 £3°
7 = 107 3°

Fig. 3.

sumptions became necessary, s.e., (1) that in phen-
ylfurans the benzene and furan are coplanar, (2)
that the C-C bond distance between the benzene
and furan rings is approximately 1.48 A. as in the
case of diphenyl and (3) that in phenylfuran the
bond angles and the bond lengths are not distorted,
that is, the values of C-0, C-C and C-H as deter-
mined by Pauling?® are not appreciably changed by
forming a beta substituted phenylfuran. Hence,
the distance GD (Fig. 2) when the phenylfuran

(1) G, H. Christie and J. Kenner, J. Chem. Soc., 121, 614 (1922).

(2) For a complete discussion, see H, Gilman, ‘' Organic Chemistry,”’
Vol. I, John Wiley and Sons, Inc,, New York, N. Y., 1940, p. 347,
and R. Adams and H. Yuan, Chem. Revs., 12, 261 (1933).

(3) V. Schomaker and L. Pauling, 'FH1s JOURNAL, 61, 1760 (1030).

The optically active free acids have also been isolated.

molecule is drawn to scale according to the

data is approximately 3.00 % 0.05 A.
Three new substituted phenylfurans were syn-
thesized for resolution studies.
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3-(2-Methy!-6-nitrophenyl) - 2,5-dimethyl- 4-furoic
acid (I), 3-(2,4-dimethyl-6-nitrophenyl)-2,5-di-
methyl-4-furoic acid (II) and 3-(2- mtrophenyl) -2,5-
dimethyl-4-furoic acid (III) were successfully re-
solved and the dextro and levo formsisolated. The
rotations were measured in chloroform solution.
Acids I and II were quite stable as their rotation did
not change at room temperature on standing sev-
eral days in chloroform solution. However, acid
111 racemized rapidly at room temperature. ‘All of
the acids racemized upon heating in alcohol for a
short time.

It seemed desirable to attempt to calculate the
interference values for the three acids, and in the
light of the results re-examine our assumptions.
For estimating the average interference values it is
convenient as shown by Adams? to find half of the
sum of the internuclear distances of the four sub-
stituents and subtract our calculated distance of
3.0A. By this method we arrive at the average in-
terference value as 0.47 A. for acids I and II. For
acid III this average value is 0.075 A. This low
value explains the rapid racemization of acid III in
chloroform at room temperature.

All the compounds were prepared from 2,5-di-
methyl-3-iodo-4-carbethoxyfuran® which was syn-
thesized from 2,5-dimethylfuran by a five-step re-
action series. The phenylfurans were then pre-
pared from this furan and the corresponding substi-
tuted bromobenzenes by means of the Ullmann re-
action.

(4) E. V. Brown, Thesis, lowa State College, 1936.
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Experimental

3 - Acetyl - 2,5 - dimethylfuran.—2,5 - Dimethylfuran ob-
tained through the courtesy of the Carbide and Carbon
Chemical Co. was acetylated as described by Hurd and Wil-
kinson.®

2,5-Dimethyl-3-furoic Acid (Pyrotritaric Acid).—To 310 g.
of commercial HTH dissolved in 1.5 1. of warm water, a
warm solution of 256 g. of K;CO; and 73 g. of KOH in 750
ml. of water was added slowly with stirring. Efficient stir-
ring was continued until the semi-solid gel which first formed
became quite fluid. The suspended solid was filtered and
washed with 250 ml. of hot water. The filtrate was warmed
to 55°, stirring was started and 100 g. of 3-acetyl-2,5-di-
methylfuran was added dropwise. An exothermic reaction
began and the temperature had to be kept at 60-70° by fre-
quent cooling. After about an hour excess hypochlorite
was destroyed with NaHSO;, the solution was cooled and
acidified. There was obtained 85 g. of acid which after re-
crystallization from alcohol melted at 134-135°.

Ethyl Pyrotritarate.—The above acid (85 g.) was esteri-
fied in the conventional way with 500 ml. of absolute ethanol
and 25 ml. of 1009 HxSO, to give 45 g. of the ester and 10 g.
of unreacted acid.

Ethyl 4-Iodo-2,5-dimethyl-3-furoate.—To 120 g. of mer-
curic acetate dissolved in 1 1. of 459, ethanol at 50°, 42 g.
of the above ester in 40 ml. of alcohol was added dropwisewith
stirring. Heavy white crystals formed in a few minutes but
stirring at room temperature was continued for another 12
hours. The mercurial was separated and treated with
KI-I, solution until on prolonged shaking the brown color
remained. Excess iodine was destroyed with Na25:0s and
the iodo ester was extracted into ether. After evaporation
of the ether and recrystallization from miethanol, 58 g. of
the iodo ester, m.p. 41-42°, was obtaiued.

2-Bromo-3-nitrotoluene.—2 - Methyl - 6 - nitroaniline was
prepared in two different ways from o-toluidine. The
method described by Meisenheimer and Hesse® was found
more suitable than of Hadfield and Kenner.? This com-
pound (25 g.) was diazotized in 489 HBr at (0°, the diazo-
nium solution was poured over cuprous brouide in 489
HBr solution® and steam distilled. About 30 1. was col-
lected and, after ether extraction and distillation, there was
obtained 23 g. of the bromo compound distilling at 157°
at 22 mm. and melting at 37-38°.

3-(2-Methyl-6-nitrophenyl)-2,5-dimethyl-4-furoic Acid
(I).—A mixture of 10 g. of 2-bromo-3-nitrotoluene and 14
g. of ethyl 2,5-dimethyl-3-iodo-4-fuiroate was placed in aun
ignition tube and stirred with a therniometer while heating
inn an oil-bath. When the temperature reached 200°, 45 g.
of precipitated copper powder was added in small amounts
over a period of 45 minutes. The reactiou was highly exo-
therniic and the teniperature wuas muintaived at 230-240°
for an hour. The reaction mass was cooled and thoroughly
extracted with ether. The ether extract was refluxed for
half an hour with Nuchar aud filtered. The ether was
evaporated and the residue was refluxed for 10 hours with
250 ml. of 109, aqueous ethanolic NaOH. During the last
moments of the refluxing, a few grams of charcoal was
added and the solution was filtered while hot. After cool-
ing and acidifying with 2 N HCI, a yellowish material was
separated which was takeu into 200 ml. of hot benzene and

—_— ——

(5) C. D. Hurd and K. Wilkinson, Tuis Jour~NaL, 70, 739 (1948).
(6) J. Meisenheimer and E. Hesse, Ber., 52, 1171 11019).

(7) J. H. Hadfield and J. Keuner. Proc. Chem. Soc., 30, 253 (1915,
(8) J. 1. Hartwell, Org. Synthesrs 24, 22 {1041,
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filtered, thus leaving on the filter paper a small amount of
dicarboxylic acid formed during the reaction. The benzeite
solution was concentrated to 50 ml. and extracted with 59,
NaOH. Upon acidification, pure 3-(2-methyl-6-nitro-
phenyl)-2,5-dimethyl-4-furoic acid separated. After three
recrystallizations from ethanol and sublimation 7% vacuo,
there was obtained 2.15 g. of acid, m.p. 225-226°.

Anal. Caled. for CyH3NO;: neut. equiv., 275; C,
61.09; H, 4.72; N, 5.09. Found: neut. equiv., 273.5;
C, 60.94; H, 4.64; N, 5.20.

Resolution of 3-(2-Methyl-3-nitrophenyl)-2,5-dimethyl-4-
furoic Acid.—To 800 mg. of the above acid dissolved in 300
ml. of boiling 409, ethanol, 1.05 g. of quinine was added,
the solution was boiled for a few minutes with 0.5 g. of char-
coal, filtered and left in an ice-box. A few pieces of ice
were added daily for three days until a gummy material
precipitated. After standing several more days in an ice-
box, the gumn solidified, was separated, pressed dry on a
porcelain plate and dried two days in vacuo. The first crop
of 835 mg. was collected iu this way. After evaporation
of the mother liquor to 150 1l. another 200 mg. of the quin-
ine sult was separated giviug a total of 1.035 g. of quinine
salt In, m.p. 110-115° with previous softening at 100°.
The filtrate was evaporated to dryness % vacuo and 525 mg.
of salt Ib was collected, m.p. 110-114°. Salt Ia had [« %D
—30.3° (¢ 0.1745 g. in 10 ml. of CHCI®). Salt Ib had
[e]?®p —128.3° (¢ 0.0653 g. in 10 ml. of CHCI;).

The salts were recrystallized from ethanol and dried over
P:0;at 70° for 24 hours.

Anal. Salt Ia. Calced. for C34H37O7N3'1/2H202 C, 67.10,
H, 6.25. TFouud: C, 67.11; H, 6.10. Salt Ib. Calcd. for
CuH30O; N30 C, 68.11; H, 6.17. Found: C, 67.85; H, 5.88.

The two salts were decomposed by 6 N HCI in the cold,
washed with 2 N HCI and an excess of water, then dried in
vacuwo. The acid from salt Ia (/-form) had [a]%Dp —22.8°
(c 0.1290 g. in 10 ml. of CHCl;) and melted at 220-222°.
Tlie neid frow salt Ib (d-form) had [«]2p 22.1 (¢ 0.0760 g.
in 10 ml. of CHCl;) aud melted at 223-224°. The chloro-
form solution of the acid did not change in rotation on stand-
ing one week at room temperature. Attempts to recrystal-
lize the acid fromn hot ethaiol cause complete loss of activity.

4-Bromo-5-nitro-1,3-xylene.—This compound was pre-
pared from tlie corresponding 4-amino-5-nitro-1,3-xylene by
means of the Sandnieyer reaction.®? Diazotization at 20° as
described by Spitzer and Wheland!® gave some phenol while
diazotization at 0-5° with stirring for two hours was found
to be better. .

3-(2,4-Dimethyl-6-nitrophenyl)-2,5 - dimethyl - 4 - furoic
Acid (IT),—This acid was prepared in the same manner as
acid I using the Ullmann reaction. From 8 g. of 4-bromo-5-
nitro-1,3-xylene and 11.25 g. of ethyl 4-iodo-2,5-dimethyl-3-
furoate there was obtained 2.65 g. of the acid, m.p. 218~
220°.

Amnal. Caled. for CisHisNOs: neut. equiv., 289; .C,
62.28; H,5.19; N,4.84. Found: neut.equiv., 287; C,
62.07; H, 5.01; N, 5.02.

Resolution of 3-(2,4-Dimethyl-6-nitrophenyl)-2,5-dimeth-
yl-4-furoic Acid.—The above acid (2.65 g.) was dissolved in
1 1. of boiling 45% ethanol, 3.30 g. of quinine was added
and the solution filtered. After the addition of a few pieces
of ice, the solution was left in the ice-box for several days.
A first crop of 2.75 g. ofa salt (Ila), m.p. 114-115°, was col-
lected. The solution was evaporated to 750 ml. aud left
in the icc-box for three days when 2.10 g. of salt IIb, m.p.
112-114°, was collected. Salt Ila had [«]%®p 52.6° (c
0.1705 g. in 10 ml. of CHCl3). Salt 1Ib, had [«]%p —533.5°
(¢ 0.1710 g. in 10 1nl. of CHCL;).

Tlie salts were recrystallized from ethanol aud dried over
P:0; at 70° for 24 liours.

Anal.  Salt IIa. Caled. for C3H3OrN3-H:0: C, 66.56,;
H, 6.4. Found: C, 66.70; H, 6.24. Salt IIb. Found:
C, 66.54; H, 6.02.

After decomposition of the salts in the usual manner, the
acid from salt ITa had [a] %D —33.6° (¢ 0.1540 g. in 10 ml. of
CHCL) and melted at 206-208° with softening at 205° and
the acid from salt IIb had [«]%D +26.2° (0.1378 g. in 10
ml. of CHCIl;) and nielted at 203—-206° with softening at 198°.

(9) In all cases decimeter tubes were used.
S WS L Spilvger and G W, Wheland, THIs JOURNAL, 62, 2005
(11



Nov. 20, 1952

The chloroform solution of the acid did not change in rota-
tion on standing one week at room temperature. Attempts
to recrystallize the acid from hot ethanol caused complete
loss of activity.

3-(2-Nitrophenyl)-2,5-dimethyl-4-furoic Acid (III).—This
acid was prepared from 10 g. of the iododimethylfuroate and
7 g. of o-bromonitrobenzene in the manner previously de-
tg]ié%d. There was obtained 2.75 g. of the acid, m.p. 175~
1 .

Anal. Caled. for CisHyNO;: C, 59.77; H, 4.21; N, 5.36.
Found: C, 59.86; H, 4.01; N, 5.70.

Resolution of 3-(2-Nitrophenyl)-2,5 - dimethyl - 4 - furoic
Acid.—The above acid (2.75 g.) was treated with an equi-
molar amount of quinine as in the previous cases in dilute
alcohol. The solution was evaporated to dryness and the
quinine salt was dissolved in 300 ml. of boiling acetone.
After cooling for several days, a first crop of crystals (IIIa)
was collected. After evaporation of the mother liquer in
vacuo, a gum was left which solidified upou cooling (IIIb).

2-NAPHTHYL 3-D-GLUCOPYRURONOSIDE AND $3-D-GLUCOFURURONOLACTONE
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The salt ITIa, m.p. 167-168°, had [«]?D —38° (¢ 0.1924 g.
in 10 ml. of CHCl;). The salt IIIb, m.p. 183-185° had
[a] %D —52° (¢ 0.0906 g. in 10 mi. of CHCl;). The salts were
recrystallized from ethanol and dried over P,Os; at 70° for
24 hours.

Anal. Salt I1Ila. Caled. for CyHi0:N;: C, 67.69; H,
5.98. Found: C, 68.00; H, 5.87. Salt IIIb. Caled. for
C33H3507N3'1/2H20: C, 6666; H, 6.06. Found: C, 6697,
H, 6.00.

The rotation of both salts was —65 and —64°, respec-
tively, after recrystallization, indicating racemization dur-
ing this process.

The acid from salt I11a had [«]%Dp —7.8° (¢ 0.1533 g. in 10
inl. of CHCl;) and melted at 170-171° with softening at 162—
165°. The acid from salt I1Ib had [a]%D 12.3° (¢ 0.1216 g.
in 10 ml. of CHCI;) and melted at 168-169° with softening
at 156°. The rotation of the chloroform solution fell to
zero in three hours of standing at room temperature.

New YorK 58, N. Y.
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Synthesis of 2-Naphthyl 3-D-Glucopyruronoside and 2-Naphthyl
3-D-Glucofururonolactone and their Behavior toward (3-D-Glucuronidase!

By KwaAN-CHUNG TSOU AND ARNOLD M. SELIGMAN
RECEIVED APRIL 3, 1952

Catalytic oxidation of 2-naphthyl 8-p-glucopyranoside with molecular oxygen and platinum black yielded 2-naphthyl

B-p-glucopyruronoside.

Fusion of 2-naphthol with triacetyl-8-p-glucofururonolactone in the presence of p-toluenesulfonic

acid yielded 2-naphthyl diacetyl-8-p-glucofururenolactone, which was converted to 2-naphthyl-g-p-glucofururonamide

with dry ammonia and niethanol.

The antide reacted with sodium nitrite in 509 acetic acid to give 2-naphthyl 8-p-gluco-

fururonolactone rather than the acid. The pyranoside was readily hydrolyzed by g-p-glucuronidase whereas the furanoside

was not.

L4

In the course of a search for suitable substrates
for the colorimetric and histochemical demonstra-
tion of B-p-glucuronidase activity,? 2-naphthyl
8-p-glucopyruronoside (I) and 2-naphthyl B-b-
glucofururonolactone (V)  were  synthesized.
Hitherto I has been obtained only by isolation from
the urine of man, dog,® rabbit* and rats® after
feeding 2-naphthol. The lactone V was not known.
Their synthesis and susceptibility to the hydrolytic
action of 8-p-glucuronidase are given in this report.

Using the procedure of Fernadndez-Garcia, et al.,®
with some modification, the oxidation of 2-naphthyl
B-D-glucopyranoside’ in aqueous solution with
moleculat oxygen in the presence of platinum
black as catalyst afforded I. The product was
isolated through the lead salt and regenerated with

o]
¢-on
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Ho' g——¢ H
H OH
I

(1) This investigation was supported by a research grant from the
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Health Service, Federal Security Agency, and by an institutional
grant to Harvard University from the American Cancer Society.

(2) A. M. Seligman, M M. Nachlas, L. H. Manheimer, O, M. Fried-
man and G, Wolf, Ann. Surg., 130, 333 (1949).

(3) M. Lesnik and M. Nencki, Ber., 19, 1534 (18806).

(4) F. Bergmann, Biochem. Z., 267, 296 (1933).

(3) M. Berenbom and L. Young, Biochem. J., 49, 165 (1951).

(6) R. Ferndndez-Garcila, L. Amorés, H. Blay, E. Santiago, H.
Soltero-Diaz and A. A. Colén, El Crisol, 4, 40 (1950). )

(7} K.-C. Tsou and A, M. Seligman, THIs JoURNAL, T4, 3066 (1452).

Therefore, substrates susceptible to 8-nb-glucuronidase activity require a pyranose ring.

hydrogen sulfide. Its infrared spectrum in dioxane
showed, in addition to the characteristic 2-naphthyl
band pair at 6.11 and 6.21 p,” a carbonyl band at
5.75 u (Fig. 1) which is in the carboxyl region
assigned by the Colthup chart.® Its p-toluidine
salt melted at 186.5-187° (lit. m.p. 184-186°).5
A mixed melting point of the p-toluidine salt of I
with a sample prepared from I which we isolated
from rabbit urine, showed no depression. Both
I and its salt gave a positive naphthoresorcinol test?
for glucuronide and on hydrolysis in hot 6 IV sodium
hydroxide gave 2-naphthol.

The chemical synthesis provides a useful chromo-
genic substrate for 8-p-glucuronidase which should
be more practical and more readily available than the
tedious biosynthetic preparation of phenolphthalein
monoglucuronide currently in use.’® The latter
compournd has not been obtained crystalline but is
only available as a crude cinchonidine salt.

Moreover, since there could be no change of the
oxide ring during the catalytic oxidation of the
primary alcohol group of 2-naphthyl B-p-gluco-
pyranoside, the pyranose structure of urinary 2-
naphthyl 8-p-glucopyruronoside is proved. That a
pyranose ring occurs in the natural products has
been deduced from methylation study and the
periodic acid degradation of bornyl glucuronide!!

(8) N. B. Colthup, J. Opiical Soc. Am., 40, 397 (1950).

(9) B. Tollens, Ber., 41, 1788 (1908).

(10) P. Talalay, W. H. FFishman and C. Huggins, J. Biol. Chem., 166,
757 (1946).

(11) J. Pryde and R. T. Williawms, Nature, 128, 187 (1931); C. F.
Huebner, R, Lohmar, R. J. Dimler, S. Moore and K. P. Link, J. Biol.
Chem., 1569, 503 (1945).



