April 5, 1958

DEGRADATION OF CHARTREUSIN

1639

[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF HOFFMANN-LA RocHE, Inc.]
Degradation of Chartreusin (Antibiotic X-465A)"

By L. H. STerNBAcH, S. KAISER AND M. W. GOLDBERG
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Chartreusin (antibiotic X-465A), CyHa—36014, gives on acid hydrolysis a yellow aglycone, CysHyo 1205, annd one 1nole each

of p-fucose and p-digitalose.

The aglycone is a derivative of an x-methyl-2-phenylnaphthalene or an x-methyl-2,3-benzo-
fluorene, containing a lactone group, 2 plienolic hydroxyls and 2 oxygen atoms of undetermined nature.

In the antibiotic,

one of the phenolic groups is glycosidically bound to a disaccharide chain composed of the two sugars.

The preceding paper? describes the isolation of
antibiotic X-465A from cultures of two strepto-
myces and its identification with chartreusin.?
In the present paper we discuss the degradation of
this antibiotic, which has given us some knowledge
of its structure.

Hydrolysis of the antibiotic with dilute sulfuric
acid resulted in the formation of a water-insoluble
yellow aglycone, CioHip—1206, and of D-fucose (I)
and p-digitalose (II).* The sugars were identified
in the hydrolyzate by the preparation of p-digi-
talose osazone,’ D-fucose dibenzylmercaptal® and
p-fucose diphenylhydrazone.” bp-Fucose and b-
digitalose are formed in equimolecular amounts,
since the analysis of the sugar concentrate indicated
the presence of one methoxyl group per two moles of
methylpentose.

A preparative separation of the sugars was
achieved vig their diethyl mercaptals. The higher
melting, less soluble derivative (m.p. 166-167°),
had the same m.p. as the diethyl mercaptal pre-
pared from commercial L-fucose. Itsspecific optical
rotation was, however, of opposite direction.® A
mixture of the two enantiomers gave, after recrys-
tallization, the new racemic fucose diethyl mercap-
tal (m.p. 158-159°).
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(1) Presented In part by M. W, G. at the XIVth International
Congress of Pure and Appiled Chemlistry in Zurich (1955); Congress
Handbook, p. 233. The Cj; formulas In the summary are misprints
and shouid read Cis.

(2) Jullus Berger, L. H, Sternbach, R. G. Pollock, E. R. La Sala,
S. Kalser and M. W, Goldberg, THis JoOURNAL, 80, 1636 (1958).

(3) B. E. Leach, K. M. Cathoun, L, E. Johnson, C. M, Teeters and
W. G. Jackson, ibid., T8, 4011 (1953).

(4) Thlis is, to the best of our knowledge, the first case in which p-
digitaiose has been found in combinatlon with an agiycone of non-
steroid nature.

(5) O. Th. Schmidt, W, Mayer and A, Distelmaler, Liebigs Ann.,
558, 26 (1944).

(6) O. Th, Schmidt and E. Wernicke, ibid., 586, 179 (1944).

(7) We found for the diphenyilhydrazones prepared from our bp-
fucose and from commercial L-fucose a melting point of 187—188° and
not 199°, asreported by E. Voto&ek, Chem. Zentr,, 71, 1, 803 (1900), and
A, Miither and B, Tollens, Ber., 87, 306 (1904).

(8) E. VotoZek and V. Vesely, tbid., 47, 1515 (1914), give for the two
enantiomers a meiting polnt of 167-168.5°. The optical rotation Is,
however, not reported.

The lower melting, more soluble diethyl mercap-
tal, obtained from the sugar mixture (m.p. 95-96°),
analyzed correctly for the unknown p-digitalose di-
ethyl mercaptal. It was decomposed with mer-
curic acetate, and the liberated sugar was oxidized
to p-digitalonolactone (III). The latter was com-
pared with an authentic sample,® which gave no
mixed m.p. depression.

The aglycone IV, which forms yellow needles
melting at 310-311° (cor.), is soluble in aqueous
alkali, but is practically insoluble in most of the
common organic solvents. Its elementary analysis
indicates the composition CyeHje—1206.1? The
study of a series of transformation and degradation
products has shown that the aglycone IV is a deriva-
tive of an x-methyl-2-phenylnaphthalene or an x-
methyl-2,3-benzofluorene, containing a lactone
group, two phenolic hydroxyl groups and two ad-
ditional oxygen atoms of undetermined nature.

The experimental studies leading to these con-
clusions are presented in the following three sec-
tions: (A) functional groups of the aglycone;
(B) hydrogenation products of the aglycone; (C)
carbon skeleton of the aglycone.

(A) Functional Groups of the Aglycone (Table
I).—Titration of the aglycone IV in dimethyl-
formamide!! established the presence of at least
one acidic group. Since the aglycone is not stable
in alkali, the reaction with diazomethane was used
to obtain additional proof for the presence of acidic
groups. Prolonged treatment of an aglycone sus-
pension in dimethylformamide with diazoinethane
resulted in the formation of an alkali-insoluble yel-
low derivative containing two methoxyls,!? which
indicates the presence of two acidic hydroxyls.!3
On the other hand, acylation of the yellow aglycone
with acetic anhydride, or with methanesulfonyl
chloride in pyridine,!* resulted in the formation of
colorless diacyl derivatives. It was not possible
to acetylate the dimethyl ether, or to further methyl-

(9) We are indebted to Prof. T. Reichstein for a sampie of p-digl-
talonolactone. ADDED IN PROOF,—A sampie of the glucosldic anti-
biotic described by Arcamone, ¢t al.,5 was obtalned by courtesy of
Prof. A, Dimarco, Mllan. The sample was found to be identical with
antlblotic X-465A by m.p., mixed m.p. and rotation.

(10) F. Arcamone, F. Blzioll and T, Scotti, Antibiotics and Chemo-
therapy, 8, 283 (1956), have also obtained a high meiting agiycone of
similar composition by acid hydroiysls of the giucosldic antibiotle
produced by their Streptomyces sp, (no. 747).

(11) Titration with aqueous alkali causes decomposition.

(12) The aglycone itself does not contaln alkoxyl groups.

(13) A small amount of an alkali-soluble product was also isolated,
which analyzed for a monomethyl ether with an additional C bound
methyl group., This compound has not yet been Investigated.

(14) Methanesulfony! chioride was used whenever possibie for
acylation, since the analytical resuits obtained from mesyi derlva-
tives were more informative than the resuits obtained from acetyi
derivatives,
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ate the diacyl derivatives,’ which indicates that
the methyl and the acyl groups must be attached
to the same oxygen atoms. This proves that the
acidic character of the aglycone is not due to a car-
boxyl, but to the presence of two phenolic groups.
That no structural change occurs in the acylation
reactions was shown by the quantitative recovery
of the aglycone upon acid hydrolysis of its diacetyl
derivative. The latter is optically inactive, and
this proves, therefore, also the optical inactivity of
the aglycone itself. The aglycone remains un-
changed on treatment with hydroxylamine in boil-
ing pyridine, on refluxing with pyridine hydro-
chloride, and on boiling with a mixture of 37%
hydrobromic acid and acetic acid. These obser-
vations indicate the absence of reactive carbouyl
groups and readily cleavable ether groups.

The aglycone and the antibiotic from which it is
derived give a dark green color with ferric chloride
in dimethylformamide solution. This color reac-
tion is not given by the aglycone dimethyl! ether.
One can, therefore, conclude that the antibiotic
contains a free phenolic group and that, conse-
quently, the two sugars present in it must be glyco-
sidically bound to the second phenolic group in
form of a disaccharide chain.

The aglycone VI is rapidly decomposed in alka-
line solutions at 50° to a new yellow compound,
CysHy21405 (V). Acylation of compound V in
pyridine gave colorless triacetyl and trimesyl de-
rivatives, which proves the presence of three hy-
droxyl groups.’* Treatment of the trimesyl deriv-
ative with diazomethane resulted in the recovery
of unchanged starting material, while short treat-
ment of V itself with diazomethane gave a yellow
monomethyl ether.!” This indicates that one of
the three hydroxyls present in compound V is of a
strongly phenolic type and is, therefore, more
readily methylated than the others. Of the two
remaining hydroxyls, one is definitely also a phenol,
as shown by the formation of the aglycone dimethyl
ether, while the nature of the third hydroxyl is un-
known. Compound V does not contain a carboxyl
group. In comparison to the aglycone 1V, its
emipirical formula contains two additional hydro-
gens, and one carbon and one oxygen less. Such
a compound could be formed from the aglycone IV
by hydrolysis of a lactone group, followed by decar-
boxylation of the hydroxy acid formed. Table I
summarizes these reactions. The instability of
certain phenolic carboxylic acids is well known and
could readily explain our observations. The pres-
ence of a lactone group in the aglycone IV is also
supported by the study of its hydrogenation prod-
ucts, discussed below.

Figure 1 contains the absorption spectra of the
antibiotic, the aglycone IV, the dimethyl ether of
the aglycone and its diacetyl derivative. The
antibiotic and the aglycone have very similar spec-

(15) On prolonged treatment with dlazomethane, in the presence of
water, small amounts of monomethyl-monoacyl derivatives were
isolated. Simlilar replacements of acyl groups by methyl groups have
been described by E. Baer and J. Maurukas, J. Biol. Chem,, 212, 30
(1955), and J. Herzlg and J. Tichatschek, Ber., 39, 1557 (1906).

(16) Schotten-Baumann acylation with methanesuifohyl chimide
gave the same trimesyl derivative In lower yleld.

(17) Prolonged treatment of compound V with dlazomethane gave a
mixture of reaction products witleh has not yet been separated.

L. H. STERNBACH, S. KAISER AND M. W. GOLDBERG
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TABLE T
REACTIONS OF THE AGLVCONE
av) Cystio 1106 CH?N?) dimethyl acetic
i long cther anhyd, reacn.
treati,
| .
NaOH | lACYlathll
<]
+}‘{5200 diacetyl and CH,N, )
- CO; ————> 1no rcaction
2 diniesyl der.

] CH: X,
(V) CisHiz. 1405 ————————> 1moinontethyl ether
sliort treati.

i acylation

CHoN, .
-——> 110 reaction
tritesyl der.

triacetyl and

tra, indicating that the cleavage of the antibiotic
to aglycone, D-fucose and p-digitalose is a simple
hydrolysis, not accompanied by rearrangements.
The shifts observed in the absorption spectra of the
aglycone dimethyl ether and its diacetyl derivative
are in the expected range for such compounds.

(B) Hydrogenation Products of the Aglycone
(Table II).—Hydrogenation was used to obtain
products which might lend themselves better to
degradation than the aglycone itself. The hy-
drogenations were carried out with platinum oxide
as catalyst and acetic acid as solvent, at various
temperatures and pressures. Under relatively
mild conditions (90° and atmospheric pressure)
only one product, CioH14O5 (VI), was formed, which
crystallized in yellowish needles melting at 253-
254°.  Under more drastic conditions (130-145°,
70 atui. pressure), five crystalline products and a
viscous o1l (VI-XI, Table II) were obtained. One
of tlie five products was CyoHuOs (VI). In addi-
tion to that, the following compounds were iso-
lated: C1oHis905 (VII), colorless prismis, m.p.
190-204°; CygHyQ4 (VIII), yellowish needles, m.p.
254-256°; CygHeOs (IX), colorless needles, ni.p.
203-204°%;  CyigHwO4 (X), dimorphic colorless
prisms, nup. 113-114° and 138-140°. The viscous
oil XI, probably a mixture, analyzed for about
C19H94—‘_’603~

The hydrogenation products obtained in larger
yields (VI, VIIT and X), were submitted to the re-
actions used for the characterization of the aglycone
viz., acylation, methylation with diazomethane and
treatment with alkali. The products obtained on
alkali treatment were again acylated, in order to
determine the number of hydroxy groups. Table
II summarizes the results of these investigations
and the conclusions that can be drawn from them.

The hydrogenation product VI, C,;sHyO;, gives
a monomethyl ether with diazomethane, and mono-
acyl derivatives with acetic anhydride and meth-
anesulfonyl chloride. It still contains the lactouc
group present in the aglycone, since hydrolysis
with NaOH leads to loss of CO; and formation of a
new compound, CisHi¢Os (XII). As expected, the
latter contains two hydroxyls, proven by the prep-
aration of diacyl derivatives. Compound VI is
thus a dihydro or tetrahydro derivative of the agly-
cone, in which one of the phenolic hydroxyls has
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HYDROGENATION PRODUCTS OF THE AGLYCONE

CroHio— 1206 (IV)

Groups present

2 hydroxyls

. Aglycone 1 lactone
Hz, PtO, 2 oxygens?
—>  Cy;pH1s05 (VI) ———> monomethyl ether
\ CH,N, 1 hydroxyl 5 % 4
NaOH lL——> monoacyl deriv. ———> no reaction 1 lactoue 7 — 3
50° | 2 oxygens?
Y +H:0 ) i N e 2
CisH10y —————————> diacyl deriv. 2 hydroxyls A
—CO, XI1I 2 oxygens? o
—>  CisHis- 2005 (VII) XV
—>  CgH;s04 (VIII) —— monoacetyl deriv, 1 hydroxyl
o 1 lactone
NaOH 1 oxygen? R ’
50° I|{
+IL,0 7
C;sH;303 —————————> diacyl! deriv. 2 hydroxvls "
—CO, XIII 1 oxygen?
N
—>  CisHa04 (IX)
) XVI
—>  CyiHyOy (X) ——> monoacetyl deriv. 1 hydroxy!
1 lactone
\ acetic 1 oxygen?
\ anhydr.
\\ 2 hydroxyls
L—>  CioHas—20s —>C15Ha0s 1 carboxyl
X1, oil, mixture X1V 1 oxygen?

been eliminated by hydrogenolysis. The two
oxygen atoms of undetermined nature are still pres-
ent. Its ultraviolet spectrum (in isopropyl al-
cohol) shows a very high peak at 231 mu (e 43,400),
and has additional maxima at 258 mu (e 22,500),
368 mu (e 14,200) and 388 mpu (e 13,800).

Compound VIII, CyoH;604 gives a monoacetyl
derivative and contains, therefore, a hydroxyl. It
also contains a lactone group of the same nature
as in the aglycone, since NaOH hydrolysis leads to
loss of CO, and formation of CisHjsQ; (XIII),
which gives diacyl derivatives. One of the two
hydroxyls and one of the two unknown oxygens,
present in the aglycone, have been eliminated in
compound VIII by hydrogenolysis. One oxygen
atom of undetermined nature remains.

The more highly reduced compound X, Cy9H,,0y4,
gives a monoacetyl derivative, proving the pres-
ence of a hydroxyl. It also contains a lactone
group. However, in this case the lactone group is
not of the same nature as in the aglycone IV, and
its hydrogenation products VI and VIII, since it
can be hydrolyzed with NaOH to the correspond-
ing hydroxy acid, CieHauOs (XIV), without loss of
CQO,. Treatment with acetic anhydride converts
the hydroxy acid XIV to the monoacetyl! derivative
of lactone X, and heating to 130° gives starting
material, the free hydroxy lactone X. In the
latter, one of the two hydroxyls and one of the two
oxygens of unknown nature, originally present in
the aglycone IV, are eliminated. Onmne oxygen atom
of unknown nature remains. The ultraviolet ab-
sorption spectrum of compound X reflects its more
saturated nature. It shows (in 959, ethanol)
maxima at 236 mu (e 12,700), 267 mu (e 8,400) and
352 myu (e 5,600).

Compounds VII and IX (Table II) were ob-
tained in minute amounts only and have, therefore,

not yet been investigated. The more readily avail-

40

301

e X 1073,

20

200 2%0 380

Wave length,mu.

Fig. 1.—Ultraviolet absorption spectra: antibiotic (95%
ethanol), ——; aglycone (95%, ethanol), --------- ; aglycone
dimethyl ether (isopropyl alcohol + 29, dimethylform-
amide), — - —; aglycone diacetyl derivative (ethanol -+
29, dioxane), — — —,
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able hydrogenation products will be used for further
degradation studies.

(C) Carbon Skeleton of the Aglycone.-—-Pal-
ladium—charcoal dehydrogenation of the 1ore
highly reduced aglycone derivatives was used to
determine the carbon skeleton, since zinc dust
distillation of the aglycone had not given useful re-
sults. The highly reduced aglycone derivatives
contain less oxygen than the aglycone, and we
thought that this should facilitate their dehydro-
genation to the aromatic hydrocarbon, represent-
ing the carbon skeleton. The dehydrogenation re-
actions were carried out with the oil (XI, Table
II), analyzing for about C;sHas26035 and also with
the crystalline reduction product Ci;H:0s (X).
In both cases, there were obtained the same two
crystalline 2,4,7-trinitrofluorenone (TNF) deriva-
tives (m.p. 219-220° and 142-143°) of two hydro-
carbons, in addition to a considerable amount of
material not reacting with TNF.

The analyses of the higher melting TNF deriva-
tive and of the hydrocarbon obtained from it (m.p.
222-222.5°) indicated for the hydrocarbon an em-
pirical formula of CisHy. The hydrocarbon con-
tains thus one carbon atom less than the aglycone.
This missing carbon atom is probably that of the
carbonyl group of the lactone ring, lost in the de-
hydrogenation process. The other TNF deriva-
tive (m.p. 142-143°) yielded a liquid hydrocarbon.
The analyses of the TNF derivative and of the
1,3,5-trinitrobenzene (TNB) derivative of the
hydrocarbon (containing 2 moles TNB per niole
hydrocarbon) indicated for the hydrocarbon the
composition Cy;Hyy, which is two carbon atoms less
than present in the starting material.

Since these hydrocarbons could not be identified
with compounds described in the literature, their
ultraviolet absorption spectra were compared with
the spectra of known hydrocarbons of similar com-
position.

As shown in Fig. 2, the ultraviolet absorption
spectrum of the crystalline hydrocarbon, CysHis, is
practically identical with that of 2,3-benzofluorene,

log €

4.8

U

T

4.0

40—

1 | 1 1 | 1 ]
200 220 240 260 280 300 320 340 mu.

Fig. 2.—Ultraviolet absorption spectra of x-mnetiyl-2,3-
benzofluorene (1) and 2,3-benzofluorene (2).

L. H. StErNBACH, S. Ka1sEr aND M. W, GOLDBERG
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CiyHe (XV).'* The physical properties of 2,3-
benzofluorene (m.p. 212-213°) and its TNF de-
rivative (221-222°), as described in the literature,
closely resemnble those of the new hydrocarbon and
its TNF derivative. However, a direct compari-
sou of our hydrocarbon and its TNF derivative with
purified samples of commerical 2,3-benzofluorene
and its TNF derivative, revealed characteristic
differences. The most likely conclusion is that the
new hydrocarbon is a methyl derivative of 2,3-
benzofluorene. This methyl derivative could be
any one of the 11 possible isomers, none of which is
described in the literature.

The second hydrocarbon, regenerated as a liquid
from its chemically pure TNF derivative (m.p.
142-143°), gave an ultraviolet absorption spec-
trum (Fig. 3) which is almost identical with that

tog £,

4.5

40 [~

1 1 | 1 1 | {
220 240 260 280 300 320 340 mu,

Fig. 3.—Ultraviolet absorption spectra of x-methyl.2.
phenylnaphthalene (1) and 2-phenylnaphthalene (2).

of 2-phenylnaphthalene, CiHyp (XVI, R, R’ =
H).'* However, the latter is a crystalline com-
pound melting at 102-103°. It appears, there-
fore, that our liquid hydrocarbon is a methyl-2-
phenylnaphthalene. This assumption is sup-
ported by the fact that this hydrocarbon, like 2-
phenyluaphthalene and 2-(o-tolyl)-naphthalene,
forms a complex with two moles of sym-trinitro-
benzene per mole -of hydrocarbon.’* The simul-
taneous formation of a niethyl-2-phenylnaphthalene
and of a methyl-2,3-benzofluorene from the same
material can be explained if one assumes the loss of
the (possibly oxygen—substituted) methylene group
11 of the 2,3-benzofluorene derivative undergoing
dehydrogenation.®
Only two methyl-2-phenylnaphthalenes are
known, the 1-methyl derivative?! (XVI, R = CHj,,
R’ = H), melting at 84°, and the 2-{o-tolyl)-
naphthalene (XVI, R = H, R’ = CHj;), melting
(18) M, Orchln and R. A. Frledel, Tuis Journal, T1, 3002 (1849).
(19) R. A. Prledel, M. Orchin and L. Reggel, ibid., 70, 199 (1948).
(20) Formatlon of the five-membered ring by dehydrocyeclization is
less llkely, For example, In the synthesis of 2-(o-tolyl).naplitilalene
(XVI, R = H, R' = CH;), carrled out by Friedel, ef ol.,’® wiicll re-
quires a dehydrogenatlon step with Pd.oll-carboh, forniatiol of a beil.

zoflnorene was not observed.
(21) F. 8. Spring, J. Chem. Soc., 1332 (1934).

200
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TABLE III
INFRARED ABSORPTION BANDS IN THE REGION OF 690-900 Cm. !
w = weak band, sh = slioulder; bands not marked are strong or medium stroung
2,3-Benzofluorene 868 769 760 742 723
x-Methyl-2,3-benzofliiorene 867 784 744 726
2-Phenylnaphthalene 890 855 818 771 759 739 696
2-0-Tolylnaphthalene 895w 856 820 790w 770w 757 743 723
x-Methyl-2-phenyluaplithalene 888 (sh 878) 855 818 805w 783 765w 743 699

at 45.7-48°.1 The physical properties of both
compounds differ from those of our liquid hydro-
carbon. In addition, the 2-(o-tolyl)-naphthalene
does not give a trinitrofluorenone derivative and
shows a different ultraviolet absorption spec-
trum, 1922

If we assume that the two hydrocarbons ob-
tained by dehydrogenation of the reduced aglycone
derivatives are related as outlined above, then the
methyl group in both, the x-methyl-2,3-benzo-
fluorene and the x-methyl-2-phenylnaphthalene,
should occupy analogous positions. Therefore,
the x-methyl-2,3-benzofluorene could not have
the methyl group in position 4 or 5. Position 11
also is excluded since, in that case, loss of carbon 11
during dehydrogenation would actually mean loss
of two carbon atoms and formation of 2-phenyl-
naphthalene, which was not found. This leaves
for the methyl group of x-methyl-2,3-benzofluorene
positions 1, 2, 3, 6, 7, 8, 9 and 10.

Additional information was obtained by com-
paring the infrared spectra of the two dehydrogen-
ation products (in carbon disulfide solution) with
the infrared spectra of 2,3-benzofluorene,?® 2-
phenyl- and 2-(o-tolyl)-naphthalene.’* A number
of strong bands in the 690-900 cm. ! region, caused
by the out-of-plane deformation vibrations of the
aromatic hydrogen atoms, seem to be character-
istic for these five hydrocarbons (see Table III).
Some occur only in the benzofluorenes, others only
in the phenylnaphthalenes, and others again are
common only to the x-methyl derivatives (784
cm.”! in the x-methyl-2,3-benzofluorene and 783
cm.”! in  the x-methyl-2-phenylnaphthalene).
They confirm the relationship of these hydrocar-
bons and show characteristic differences between
the x-methyl and the unsubstituted compounds.

One strong absorption band in the 700 cm.™!
region is rather suggestive. It occurs only in 2-
phenylnaphthalene (696 cm.™!) and in the x-
methyl-2-phenylnaphthalene (699 cm.—!), and does
not occur in o-tolylnaphthalene or in the benzo-
fluorenes. It is due possibly to the presence of
five hydrogen atoms in the phenyl ring, since a
band at 700 = 10 cm.! is being assumed to be
characteristic for a monosubstituted phenyl group.®
If this interpretation is correct, it would exclude
the presence of the methyl group in the phenyl ring,
and, therefore, of a methyl group in positions 1, 2, 3
and 4 of the 2,3-benzofluorene molecule. The
methyl group could thus only be in 6, 7, 8, 9 or 10,

(22) The uitraviolet absorption spectrum of l-methyl-2-phenyl.
naphthalene has not been published.

(23) Commercial material (Aldrich Chemical Co.) was purified via
its picrate and TNF derivative,

(24) Dr. Leslie Reggel, U. S. Bureau of MIines, Pittsburgh, Pa.,
kindly furnished the samples of 2-phenyl and 2-(o-tolyi)-naphthalene.

(25) See L. J. Bellamy, ““The Infrared Spectra of Complex Moie-
ciiles,’”” Metiiuen and Co,, I.td,, London, 1954, p. 65.

since position 5 of the 2,3-benzofluorene inolecule
has been excluded, because of the non-identity of 1-
methyl-2-phenylnaphthalene with our x-methyl-2-
methyl-2-phenylnaphthalene. The final proof of
structure of our hydrocarbons requires the syn-
thesis of some or of all of the above indicated iso-
mers.

In the aglycone, CigHip—1206, which must be a
derivative of an x-methyl-2-phenylnaphthalene or
an x-methyl-2,3-benzofluorene, the methyl group
also could be substituted. For example, it could be
a methylene group in an ether. Itsmigration from
an angular position during the dehydrogenation
process, while not likely in this case (CioH;pO4 cor-
responds to an aromatic structure), also can not be
excluded completely.

Probable Structure of Chartreusin (Antibiotic
X-465A).—The above discussed experimental find-
ings lead to a tentative structure for this antibiotic:
It is a derivative of 2-phenylnaphthalene or of 2,3-
benzofluorene, containing a lactone group, 2 phenolic
hydroxyls and 2 oxygen atoms of undetermined
nature. Thereisanadditional methyl or a methyl-
ene group present, and one of the phenolic groups
is glycosidically bound to a disaccharide chain, com-
posed of D-fucose and D-digitalose.

Acknowledgments.—We wish to thank Dr. Al
Steyermark for the microanalyses, Dr. A, Motchane
and his staff for the infrared and ultraviolet ab-
sorption spectra and Mr. B. Pecherer for some of the
infrared data.

Experimental*
WITH THE ASSISTANCE OF E. REEDER

Hydrolysis of the Antibiotic.—To a solution of 10 g. of
antibiotic in 1200 cc. of (peroxide free) dioxane was added
190 cc. of 3 N sulfuric acid.?” The mixture was stirred and
refluxed for 45 minutes. It was then concentrated ¢z vacuo
to 600 cc., diluted with 200 cc. of water and cooled for 15
hours to +5°. The aglycone precipitated in form of yellow
needles (5.12 g.) and was filtered off. The dilute dioxane
solution was freed from sulfuric acid ions with barium hy-
droxide, treated with charcoal and concentrated in wacuo,
yielding 5.5 g. of an almost colorless, sweet tasting sirup.
The analysis showed the presence of 9.29, methoxyl. The
calculated value for an equimolar miixture of fucose and digi-
talose is 9.1%,.

p-Digitalose Osazone.—A solution of 0.42 g. of the sugar
sirup, 1.2 g. of phenylhydrazine hydrochloride and 1.2 g. of
crystalline sodium acetate in 8 cc. of water cortaining 6
drops of glacial acetic acid was lieated on the steam-bath for
5 hours. After cooling, the brownish-vellow precipitate
was filtered off and recrystallized repeatedly from 609,

methanol. Yellow needles melting at 177-178° were finally
obtained.
Anal. Caled. for CisHyOsNy: C, 64.02; H, 6.80; N,

15.72; OCHj;, 8.70. Found: C, 63.99, 63.98; H, 6.63,
6.65; N, 16.22; OCHj,, 8.93.

p-Fucose Diphenylhydrazone.—To a solution of 1 g. of
the sugar sirup and 1.55 g. of diphenylliydrazine hiydro-

(26) All meiting points are corrected.
(27) The hiydrolysis was also carrled ont with hydrocliiorie acid.
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chloride in a few cc. of water were added 6.5 cc. of 1 N
sodium hydroxide and sufficient alcohol to obtain a clear
solution. After neutralizing with a few drops of pyridine,
the mixture was refluxed for 10 minutes. It was then
partly concentrated in wvacuo, and the residue dissolved by
heating with dilute alcohol. Cooling caused the formation
of a partly crystalline precipitate, which was filtered off and
washed witlr water and ether (0.43 g., m.p. 183-186°).
Crystallization fromn alcohol gave fine white ueedles melting
at 187-188°.

Anal. Caled. for CisHaO4Ng: C, 65.44;
CH;0, 0. Found. C,65.29; H, 7.02; CH;O, 0.

p-Fucose Dibenzylmercaptal.—To a solution of 0.8 g. of
the sugar sirup in 1.5 cc. of concentrated hydrochloric acid
was added 2.5 cc. of benzylmercaptan. The mixture was
heated to 50° and shaken for 20 minutes. It was then di-
luted with water, the crystals that formed were filtered off,
waslied with water and ether, and recrystallized from meth-
anol (0.25 g.); long needles melting at 181-183°, [«]%‘D
—26.3 &£ 0.5° (¢ 0.99 in pyridine®),

Anal. Caled. for CoHg0:S,: C, 60.88; H, 6.64. Found:
C, 61.22; H. 7.04.

Diethylmercaptals of p-Fucose and bp-Digitalose.—A
solution of 6 g. of the sugar sirup in 9 cc. of concd. hydro-
chloric acid was shaken at room temperature with 9 cc. of
ethyl mercaptan. After a few minutes a heavy precipitate
was formed, which was filtered off after adding some water.
The mother liquors were concentrated ¢z vacuo to 10 cc. and
saturated in the cold with hydrogen chloride. Ethyl mer-
captan (10 cc.) was again added and the mixture shaken at
room temperature for 1 hour. The mixture was again di-
luted with water and filtered, vielding another crop of crys-
tals. Both fractions of crystals were dried, combined and
extracted with ether. The undissolved part, the p-fucose
derivative, had a melting point of 164-165° and weighed
3.0 g. which corresponds to a yield of 649,. For the analy-
sis, a sample was recrystallized from alcohol; long colorless
needles melting at 166-167°, [¢]?'D 4+-9.5 == 1° (¢ 1 in pyri-
dine). 29

Anal. Caled. for CioHz0.S;:
Found: C, 44.21; H, 8.28.

The ether solution, containing the soluble D-digitalose
diethylmercaptal, was concentrated 7% vacuo, and the residue
recrystallized from a mixture of ether and petroleum ether.
The product crystallized in fine needles melting at 95-96°,
[]**D —11.5 == 0.5° (in pyridine, ¢ 2). The yield was 1.03
g., 219%.

Anal. Caled. for C;iHxO,S:: C, 46.47; H, 8.51.
C, 46.58, 46.62; H, 8.79, 8.61.

Racemic Fucose Diethylmercaptal.—A mixture of equal
parts of D- and of r-fucose dietliylmercaptal was recrystal-
lized from alcohol. The racemate crystallized in heavy
plates melting at 158-159°.

Anal. Caled. for C1oHs04Ss:
Found: C, 44.63; H, 7.85

D-Digitalonolactone from p-Digitalose Diethylmercaptal.
—To a solution of 1.2 g. of p-digitalose diethylmercaptal
(m.p. 95-96°) in 40 cc. of 659 alcohol was added a solution
of 2.4 g. of imercuric acetate in 15 cc. of methanol. The
mixture was refluxed for 35 minutes, diluted with water,
filtered, treated with hydrogen sulfide and filtered again
after addition of some activated carbon and Hyflo. The
solution was concentrated » vacuo, giving 0.52 g. of crude
sirupy digitalose, which was dissolved in 10 cc. of water
and oxidized as follows: Bromine (0.5 cc.) was added, and
the mixture was shaken for 10 minutes, then left at room
temperature in the dark for 24 hours. The bromine was
removed < vacuo, the residual solution diluted with water,
treated with silver carbonate, filtered. treated with hydrogen
sulfide and filtered again after addition of some activated
carbon and Hyflo. The solution was then concentrated
in vacuo and the residue (0.5 g.) which became crystalline
after a few hours, was distilled at 0.1 mm. in a ‘*bulb tube”’
at an air bath temperature of 140-160°. The partly crys-

H, 6.71;

C, 44.44; H, 8.20.

Found:

C, 44.44; H, 8.20.

(28) O. Th. Schmidt and E. Wernicke, Liebigs Ann., §86, 179
(1944), report a meiting point of 184° and [a]®D of —27.8° (¢ 2.8 In
pyridine).

(29) The product gave no meiting point depression with the diethyi-
mercaptal prepared from bp-fucose, We are indebted to Prof. T.
Relchsteln for the p-fucose sampie,
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talline distillate (0.36 g.) was crystallized from a mixture of
acetone and petroleum ether, yielding 0.2 g. of a crystalline
product melting at 132-134°, After two recrystallizations
from a mixture of acetone and petroleum ether, 110 mg. of
needles was obtained melting at 136-137°.% The product
gave no melting poiut depression with an original sample of
D-digitalonolactone obtained from Prof. T. Reichstein.
The specific optical rotation of two samples was [a]®D
—77.5 &= 1.5° and [a]%D —82 == 2° (¢ 1, in water). The
rotation was determined about 15 minutes after preparing
the solution. There was no change after 27 hours.?
Aglycone.—The vellow needles (m.p. 310-311°) which
were filtered off after hydrolysis of the antibiotic represented
chemically pure aglycone. The same product also can be
obtained by thermal decomposition of the antibiotic at 250°
and 0.2 nmim. pressure. The aglycone sublimes out under
these conditions. Samples for the analysis were recrystal-
lized from large amounts of methylene chloride, from boiling
dioxane (0.16 g. in 100 cc.), or from hot dimethylformamide
(0.2 g. in 20 cc.), and showed no change in melting point or
appearance. Tlie aglycone forms a yellow solution in con-
centrated sulfuric acid. The orange colored solution in
alkali turns a deep purple on heating in the presence of air.

Anal. Caled. for CyyHyoOg: C, 68.27; H, 3.02; mol. wt.,
334.27. Calced. for CisH100s: C, 67.85; H, 3.60; mol. wt ,
336.29. Found: C, 68.06, 68.35, 68.18; H, 3.35, 3.26,

2.96; OCH;, 0; acetyl, 0; equiv. wt., 353 (titr. in dimethyl-
formamide).

Diacetyl Derivative of the Aglycone.—To a solution of
0.5 g. of the aglycone in 150 cc. of dry warm pyridine were
added 30 cc. of acetic anhydride. The mixture was left at
room temperature for 14 hours and was then concentrated
in vacuo to a small volume. The slightly pink crystals (0.6
g.) were filtered off and recrystallized from chloroform with
the addition of activated carbon. The product forms white
needles melting at 292-294°. It is optically inactive (¢ 0.3
in pyridine).

Anal. Caled. for CoyHyOs: C, 66.02; H, 3.37; acetyl,
20.8. Caled. for CpHigOs: C, 65.71; H, 3.84; acetyl,
20.7. Found: C, 65.86, 65.70, 66.18; H, 3.55, 3.75, 3.75;
acetyl, 19.18, 18.96.3?

Dimesyl Derivative of the Aglycone.—A solution of 0.5 g.
of aglycone in 190 cc. of warm dry pyridine was cooled
quickly and treated with 2 cc. of methanesulfonyl chloride.
The mixture was left for 24 hours at room temperature. It
was then diluted with water and partly concentrated in
vacuo. The precipitated crystals were filtered off, washed
with water and recrystallized from dimethylformainide.
The product forms white needles melting at 279-281°. The
yvield was practically quantitative.

Anal. Caled. for ngH“OmSgZ
Found: C, 51.48; H, 2.67; MeO, 0.

Monomethyl Monoacety! Aglycone.—To a solution of 0.4
g. of diacetyl aglycone in 240 cc. of dimethylformamide con-
taining some water was added an excess of an ether solution
of diazomethane. The mixture was left at room tempera-
ture for 20 hours, and was then concentrated ¢z vacuo to a
small volume. The precipitated unreacted material was
filtered off. The rest of the solution was concentrated to
dryness, and the residue (50 mg.) was purified by crystalli-
zation from a mixture of chloroform and petroleum ether,
and finally from acetone. The product forms yellow needles
melting at 274-276°, and gives a melting point depression
with the diacety! aglycone. It produces an orange-yellow
color with conceutrated sulfuric acid.

Anal. Caled. for CpoHiO5: C, 67.69; H, 3.62; MeO,
7.95. Found: C, 67.78, 68.17; H, 3.78, 3.57; MeO, 5.90.

Monomethyl Monomesyl Aglycone.—To a solution of 80
mg. of dimesyl aglycone in 50 cc. of dimethylformamide con-
taining some water was added an excess of diazomethane in
ether. The mixture was left at room temperature for 14
hours, and was then concentrated in wzacus. The soluble

C, 51.44; H, 2.88.

(30) A. Rhelner, A. Hunger and T. Relchsteln, Helyv, Chim. Acia,
35, 687, 712 (1952), report a meiting polnt of 138—139°,

(31) The specific optical rotation reported In the literature varles
between —92,5° and —75.9 % 3°,  See O, Schindler and T. Relch-
steln, ibid., 35, 442 (1952).

(32) Acetyl and methoxyl determinations in this serles of compounds
(agilycone and its hydrogenation products) gave considerable diffi-
cuities. In most cases low values were obtained,
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part was extracted with hot acetone and crystallized from
acetone. The product forms yellow needles (about 15 mg.)
melting with decomposition at 271-274°.

Anal. Caled. for CqHs0sS: C, 59.16; H, 3.31; MeO,
7.2. Caled. for CyH140:8: C, 58.88: H, 3.77; MeO, 7.2.
Found: C, 58.90; H, 3.96; MeO, 5.75,

Methylation of Aglycone.—A solution of 5 g. of aglycone
in 1600 cc. of hot dimethylformamide was cooled and treated
for one hour at room temperature with a large excess of di-
azomethane in ether. The solution was then concentrated
in vacuo and the residue was crystallized from methylene
chloride. Some impure unreacted aglycone (0.47 g.) pre-
cipitated first and was filtered off. After partial concentra-
tion, various unsharp melting fractions (240-260°) were ob-
tained and were purified chromatographically as described
below. The mother liquors were concentrated and the
residue chromatographed separately.

A solution of 2.1 g. of the combined crystalline fractions
in 225 cc. of methylene chloride was poured on a column
containing 200 g. of acetic acid washed alumina., The
column was eluted with methylene chloride (1000 cc.) and
vielded 1.2 g. of yellow prisms (A). Further washing with
methylene chloride and ethyl acetate gave only small
amounts of impure material. The column was then ex-
truded and divided into several parts differing in color. All
parts were extracted with boiling ethanol. The lowest,
greenish-yellow layer yielded 0.2 g. of brownish-yellow
needles (B), the other layers yielded only very small amounts
of unidentified products. The above-mentioned mother
liquors yielded after chromatographic purification 0.8 g. of
the yellow prisms (A).

Aglycone Dimethyl Ether.—The yellow prisms (A) ob-
tained from both columns were purified by crystallization
from methylene chloride and yielded 1.9 g. of yellow prisms
melting at 282-283°. They are insoluble in alkali. The
color in concentrated sulfuric acid is orange, while the
aglycone forms a yellow solution.

Anal. Caled. for CyHyjOs: C, 69.61; H, 3.89; MeO,
17.1. Caled. for CyH;Os: C, 69.22; H, 4.43; MeO,
17.1. Found: C, 69.30, 69.23; H, 3.89, 4.06; MeO, 15.66,
15.61.

Acetylation of the compound was attempted by heating
for 1 hour at 90° with a mixture of pyridine and acetic an=

hydride. Unchanged aglycone dimethyl ether was recov-
ered.
Anal. Found: C, 60.47; H, 3.80; acetyl, 0.

Product B.—The substance (0.2 g.) was purified by crys-
tallization from methylene chloride. It forms yellow
needles melting at 284-286° and gives a melting point de-
pression with the aglycone dimethyl ether (A). The
analyses check for a C-methyl O-methyl aglycone deriva-
tive, rather than for a monomethyl! ether.

Anal. Caled, for CoHyOs: | C, 68.96; H, 3.47; 1 MeO,
8.9. Caled. for CyHpiOs: C, 69.61; H, 3.89; 1 MeO,
8.56. Found: C, 69.47, 69.70, 69.94; H, 4.08, 3.79, 4.04;
MeO, 8.19, 8.81.

Alkaline Hydrolysis of the Aglycone; Formation of Cys-
Hi,_ 1405 (V).—A stirred suspension of 5 g. of aglycone in a
mixture of 500 cc. of methanol and 1250 cc. of 1.5 N sodium
hydroxide was heated in an atmosphere of nitrogen. After
35 minutes the temperature reached 52° and the product
was completely dissolved. The brown solution was then
filtered over Hyflo into 700 cc. of 3 N HCL. (Air was ex-
cluded as much as possible, since an intense purple color
develops on air oxidation of the alkaline solution). The
acidified turbid vellow filtrate was partly concentrated in
vacuo, heated for 2 hours to 80-90° to achieve precipitation,
cooled and filtered. The amorphous yellow precipitate
(8.75 g.) was washed with water and ether. It can be re-
crystallized from a mixture of pyridine and petroleum ether,
or from diethylformamide with the addition of ether. It
forms yellow prisms or needles, which char on heating and
do not melt till 330°. The color in concentrated sulfuric
acid is orange-brown.

Anal. Caled. for CisH;s0s: C, 70.13; H, 3.92. Caled.
for CisH14O5: C, 69.67; H, 4.55. Found: C, 70.13, 69.60;
H, 4.47, 4.40; MeO, 0.

Triacetyl Derivative of CisHis— 1405 (V).—Ten cc. of acetic
anhydride was added to a solution of 0.2 g. of V in 10 cc. of
dry pyridine. The acetylation product crystallized out in
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quantitative yield, and was filtered off after 4 hours. It was
recrystallized from a mixture of methylene chloride and
ether, forming fine needles or short prisms melting at 280
281°,

Anal. Caled. for CﬂHlsOsZ C, 66.67; H, 3.73; CHsCO,
29.7. Caled. for CoHys05: C, 66.36; H, 4.18; CH,CO,
29.7. Found: C, 66.31, 66.39, 66.56; H, 4.33, 4.50, 3.95;
CH,CO, 25.61, 25.61.

The triacety! derivative remained unchanged after treat-
ment for one hour in dioxane solution with an excess of
diazomethane., Treatment of the product in pyridine with
a large excess of hydroxylamine at room temperature for 18
hours resulted in a red oil which could not be crystallized.

Trimesyl Derivative of CisHys 1405 (V).—To a solution of
0.5 g. of V in 20 cc. of pyridine was added 2 cc. of methane-
sulfonyl chloride. The mixture was left at room tempera-
ture for 2 hours and then was treated with water. The pre-
cipitated reaction product, isolated in alniost quantitative
vield, was filtered off, and recrystallized from a mixture of
dimethylformamide and ether. The product forms white
prisms melting at 279-280°.

Anal. Caled. for CyHisOnS;: C, 46.49;
Caled. for CyHaOnS;: C, 46.32; H, 3.70.
46.23, 46.33; H, 3.29, 3.73.

A Schotten—Baumann reaction of V with methanesulfonyl
chloride in alkali resulted in the formation of the same prod-
uct with lower yield. The product remained unchanged on
treatment in dimethylformamide with an excess of diazo-
methane.

Monomethyl Ether of CyisHis-1405 (V).—To a solution of
0.2 g. of V in 50 cc. of dimethylformamide was added an ex-
cess of diazomethane in ether. The solution was concen-
trated ¢n vacuo after a few minutes. The residue was crys-
tallized from a mixture of acetone and petroleum ether,
forming yellow needles melting at 263-266°.

Anal. Caled. for CpyHyOs: C, 70.80; H, 4.38; MeO,
9.5. Caled. for CyHisOs: C, 70.36; H, 4.95; MeO, 9.5.
Found: C, 70.78, 71.07; H, 4.81, 4.54; MeO, 9.21.

Catalytic Hydrogenation of the Aglycone (see Table I1).—
Eight grams of aglvcone was hydrogenated in 1 liter of
acetic acid at 130-145° and 1000 p.s.i. pressure with 3 g. of
platinum oxide as catalyst. After 20 hours the mixture
was cooled and removed from the autoclave, heated to re-
dissolve the precipitated hydrogenation products, filtered
and concentrated ¢z vacuo to a small volume. Fine cream
colored needles precipitated and were filtered off (2.5 g.).
The product melted at 230-236° and was separated into
two compounds by repeated fractional crystallization from
pyridine (methylene chloride or dimethylformamide yielded
only mixtures). Both compounds crystallized in fine yellow-
ish needles, one melting at 254-256° (somewhat less soluble
in pyridine), the other at 253-254°. They have the same
physical appearance and give the same orange-yellow color
reaction with concentrated sulfuric acid. The ouly prac-
tical way of distinguishing them is the melting point de-
pression observed with mixtures. The lower melting prod-
uct (253-254°) was finally recrystallized for analysis from
a mixture of chloroform and petroleum ether, and had the
composition CypHyisOp (VI). The same product is obtained
in almost quantitative yield by hydrogenation of the agly-
cone in acetic acid at 90° and atmospheric pressure in the
presence of an equal weight of platinum oxide.

Anal. Caled. for CyHisO5: C, 70.80; H, 4.38. Found:
C, 70.89, 71.14; H, 4.47, 4.59.

The other compound had lost one oxygen atom and ana-
lyzed for C19H1504 (VIII).

Anal. Caled. for CyHygO4: C, 74.01; H, 5.23. Found:
C, 73.88, 73.71; H, 5.16, 4.95.

The filtrate, after removal of the needles melting at 230—
236°, was diluted stepwise with petroleum ether and
vielded inorganic material (0.26 g.), introduced with the
platinum catalyst, then fine cream colored needles, 0.18 g.
melting at 203-204° (IX). The melting point did not
change after two recrystallizations from ethanol, The
color in coned. sulfuric acid is yellow.

Amnal. Caled. for CyuHgO4: C, 73.08; H, 6.45. Found:
C, 72.80, 72.94; H, 6.31, 6.65; CH,CO, 0.
The residual solution was concentrated ¢» vacuo yielding

4.5 g. of oil, which crystallized partly after some time. It
was triturated with a mixture of ether and petroleum ether,

H, 3.34.
Found: C,
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yielding finally 3 g. of oil and 1.1 g. of crystals. The solid
material (1.1 g.) crystallizes from a miixture of etlier and pe-
troleum ether in two forins, depeunding ou the ratio of sol-
vents. It forms well-developed prisins melting at 140-141°
or irregular prisms melting at 116-117° (X). Both forus
can be converted into each otlier by crystallization. Both
are colorless. The color in concentrated sulfuric acid is
vellow. The product shows 1o optical rotation in pyridine.

Anal. Caled. for CigH»04: C, 72.59; H, 7.05. Tound:
C, 72.61, 72.57; H, 7.22, 6.90; CH,CO, 0.

A very small amount of small prisins crystallized togetlier
with the large prisms. They were separated mechanically,
and yielded after ome recrystallization from: a mixture of
ether and petroleum etlier small prisims melting at 199-204°
(VII). The product gave a melting point depression witl
the needles melting at 203-204°.

Anal. Caled. for CyyHyisOs: C, 69.92; H, 5.56. Caled.
for CisHuOy: C, 69.50; H, 6.14. Tound: C, 70.18, 70.34;
H, 6.36, 6.17.

Othier similar hydrogenatious yiclded varying amounts
(4-259, by weight) of mixtures of CiHisO5 (VI) and Cye-
H.04 (VIII), and of the prismis CisHpOy (X) (25-42%,).
The yield of X was generally lower when more of tlie miixture
of VI and VIII was obtained. The rest was an oil. The
other two crystalline products were not isolated in tlese
experiments. A hydrogenation of the miixture of VI and
VIII, under conditions used in the above-described experi-
ments, gave a 609 (by weight) yield of the prisius X.

The oil, that reinained after the above-described crystal-
line products had been isolated, was distilled in ligh vacuuin
and analyzed.

Anal. Caled. for CypyHaO,: C, 75.97; H, 8.05. Cualed.
for C1sH20s: C, 75.46; H, 8.67. Found: C, 75.31, 75.25;
H, 8.06, 8.22.

Monoacetyl Derivative of CpH;s0s (VIII).—A solution
of 0.1 g. of CyHj¢O4 in 10 cc. of dry pyridinte and 5 cc. of
acetic anliydride was heated for 2 hours to 90° and was thien
concentrated in vacuo to dryuess. The residue was puri-
fied by crystallization from a miixture of methylene chloride
and petroleum ether. It forms colorless heavy prisins mclt-
ing at 245-247°.

Caled. for CoHisO5: C, 71.99; H, 5.18; acetyl,
Found: C, 71.85, 71.60; H, 5.21, 5.53; acetyl,

Anal.
12.3.
11.19.

Monoacetyl Derivative of CyyH,40; (VI).—Tlc acetylation
was carried out in pyridine at 90°, as with CiHiO4. and
also at rooin temperature. The sanie product resulted.
It forms white needles from: a mixturce of methvlene chloride
and petroleum ether, 1nclting at 239-241°. The vield was
alimost quantitative. It gives a yellow color witlt coucen-
trated sulfuric acid. The product was recovered unchanged
after treatment for 20 hours in dimethylformmaniide withh an
excess of diazomethane i cther.

Caled. for CyH;s0s: C, 69.22; H, 4.43; acetyl,
11.8. Fouud: C, 69.04, 69.14; H, 4.29, 4.20; acetyl,
11.51; methoxyl, 0.

Monomesy! Derivative of CyH;,0; (VI).—To a solution
of 0.3 g. of VI in 60 cc. of dry pyridine was added 4 cc. of
metlhianesulfonyl chloride. The mixture was left for 20
hours at room teuiperature, then treated with ice-water and
concentrated ¢n vacuo. Water and sonie dilute hiydrochloric
acid were added, and the reactionn product extracted with
ntethylene chloride. The methylene chloride solution was
dried, treated with activated carbon, filtered and concen-
trated <z wvacuo. The residue was then crystallized from a
mixture of methylene chloride and etlhier. The product
forms fine needles or flat prisins melting at 273-274°. Its
solution in conceutrated sulfuric acid shows a very faiut
vellow color,

Anal. Caled. for Copll1s(:S: C, 60.00, H, 1.05.
C, 60.40, 59.62; H, 3.82, 3.71; methoxyl, 0.

Monomethyl Ether of Ci3H;;0; (VI).—To a solution of 0.3
g. of VI in1 150 cc. of dimethylforinamide was added an ex-
cess of diazoniethaue in ether. After 24 hours the mixture
was concentrated in vacuo. The residue yielded after crys-
tallization froin a mixture of chloroforni and petroleuin ctlier
faiutly velowish needlecs melting at 240-241°. It gives a
melting point depression with the startng material,

Anal.

Found:
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Anal. Caled. for CeHi0;: C, 71.42; I, 4.80; CH;0,
9.22. Found: C, 71.48, 71.78; H, 4.88, 4.81; CH;O,
9.69, 9.33.

Monoacetyl Derivative of CypHz.Os (X).-—A solution of
0.2 g. of compound X i1t a mixture of 2 cc. of pyridinc and
2 cc. of acetic anliydride was left for 15 liours at room teu-
pcrature.  The mixture was theu concentrated ¢ vacuo, atd
the residuc crystallized fromm a mixture of acetoue, ether
zi.nd petgoleum ether, yielding colorless prisins umelting at

73-177°.

dnal.  Caled. for CuH20;: C, 70.76; H, 6.79; CH,CO,
11.7. TFound: C, 70.72, 70.97; H, 6.93, 6.76; CH;CO,
8.65, 8.28.

Alkaline Hydrolysis of CiyHy,O5 (VI); Formation of Cis-
H;604 (XII).—To a hot solution of 0.5 g. of VI in 50 cc. of
dioxane was added 75 cc. of 1 N sodiums hydroxide. Tle
mixture was refluxed for 30 minutes, acidified, partly cou-
centrated 7n vacuo and extracted with cliloroform. The
chloroforii solution was dried and concentrated <# wvacuo.
Tle residue was crystallized from ethanol, or a mixture of
acetonte and petroleuni etlier, and yielded then vellowish
needles or plates decomposing at 304-309° (XII). The
product dissolves with yellow color in concentrated sulfuric
acid. The sohition in 3 N alkali is yellow, turns dark ou
contact with air and can be reduced again with zinc dust.

Anal.  Caled. for CisH1s04: C, 72.96; H, 5.44. Found:
C, 72.96, 73.16; H, 5.32, 5.39.

Diacetyl Derivative of CjsHis04 (XI1).—A solution of 0.1
g. of XII in a mixture of 10 cc. of pyridine and 10 cc. of
acctic anhydride was left at room temperature for 48 hours.
It was tlien concentrated 2n vacuo, and the residue was crys-
tallized from: a mixture of ether and petroleun ether. Tle
product forins fine needles melting at 231-232°.

Anal. Caled. for CplyQOs: C, 69.46; H, 5.30; acctyl,
22.6. Fouud: C, 68.90; H, 5.33; acetyl, 18.51, 18.19.

Dimesy! Derivative of Ci3Hs0s (XII).—To a solution of
0.2 g. of XII i1t 10 cc. of pyridinte was added 1.5 cc. of meth-
anesulfonyl chloride. The 1nixture was left at roomn tew-
perature for 2 liours and was then diluted with ice-water.
The reaction product was filtered off and recrystallized from
a 1ixture of acetoue, ether aud petroleunt ether. It forus
needles melting at 207-208°.

Anal.  Caled. for CopHgy05S:: C, 53.10; H, 4.46. Found:
C, 33.39, 53.07; H, 4.35, 4.39.

Isolation of Cy3H50; (XIII).—To a liot solution of 1 g.
of a mixture of hvdrogenation products of the aglycoue,
coutaining about 409 CiH604 (VIII) and 609, CieHiyOs
(VI), in 180 cc. of dioxane was added 150 cc. of 1 N sodiuin
liydroxide. The mixture was boiled for 1 hiour in a streain
of nitroge, distilling off part of the dioxanc—water mixture;
100 cc. of 2 N hydrochloric acid and ice was then added to
tlie browu solution, and tlie crystalline gray precipitate was
filtered off (X1II, 0.35 g.). After rcerystallization from a
wiixture of etlier and petroleunt ether, the product fornied
gray prisms melting at 228-234°, It dissolves with red
color in councentrated sulfuric acid, and is soluble witl yellow
color i1 warm1 3 .V alkali.

Anal. Caled. for CisHisOs: C, 76.57; H, 6.43. Found:
C, 76.51, 76.96, 76.30; H, 6.38, 6.36, 6.39.

Tle acidic aqueous solution remnaining after tlie removal
of CisHi30; (XIII) was extracted with etlier. The extract
vielded after removal of the solvent 0.5 g. of a partly crys
tallinte residue. This product was recrystallized from meth-
anol and proved to be compounnd X1I, CixH;oO4, whicli had
been obtained by alkalitie hydrolysis of pure compound VI,
C1sH140s.

Diacetyl Derivative of CyI{150; (XII1).——A solution of 0.3
g. of XIII in a mixture of 10 cec. of pyridine and 10 cc. of
acetic auhydride was left at roomt teniperature for 48 liours.
The mixture was tlien concentrated 7x vacuo, and the residue
crystallized from a mixture of etlier and pctroleum ether.
The product forius colorless prisius niclting at 136-137°.

Anal.  Caled. for CpHaOs: C, 72.11; H, 6.05; acetyl,
23.5. Found: C, 71.81, 71.75; W, 5.87, 6.17; acetyl,
20.28, 21.25.

Alkaline Hydrolysis of C;yH»O (X).—Twenty-five cc.
of 3 N sodium hydroxide was added to a solution of 0.5 g. of
X i1 30 ce. of methanol,  Tlie mixture was boiled, distilling
off the methanol.  After 25 niinutes the reddish-brown solu-
tiont (ca. 20 ce.) was cooled, diluted with 235 cc. of water,
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acidified with concentrated hydrochloric acid, and extracted
with ether. The ether extract was dried and concentrated
in vacuo. The residue was dissolved in ether, purple colored
impurities were precipitated by the addition of petroleum
ether and filtered off. The ether solution was coucentrated
to a small volume yielding pink rosettes of prisms (0.45 g.)
melting at 148-150°. The crystals were dissolved i meth-
anol, the solution was treated with activated carbon, con-
centrated in vacuo, and the residue crystallized twice from a
mixture of ether and petroleum ether. The product thus
obtained is an acid. It forms colorless prisms melting at
151-152° and gives a nielting point depression with com-
pound X, CisHzO4. .

Anal. Caled. for CiHyOs5: C, 68.65; H, 7.28; equive
wt., 332.28. Found: C, 68.53, 68.78; H, 7.29, 7.56;
equiv. wt., 333.2, 328.6.

Refluxing with chlorobenzene resulted in elimination of 1
mole of water and reconversion into CigHgOs (X). Treat-
ment with acetic anhydride in pyridine at room temiperature
resulted in the formation of the previously described mono-
acetyl derivative of X.

Dehydrogenation of Reduced Aglycone Derivatives.—
Twelve grams of the oily mixture XI, which analyzed ap-
proximately for CisHas_20; and was obtained by hydrogena-
tion of the aglycone with PtOs, was heated to 320-350° for
10.5 hours with 10 g. of 109, palladium-carbon catalyst.
The cooled mixture was extracted with a large amount of
ether. The ether extract was partly concentrated, yielding
0.3 g. of yellow crystals (plates) melting at 194-196° (A).
The mother liquor was coucentrated to dryness, and gave an
oily residue which, after dissolving in hot alcohol, yielded
0.26 g. of yellow crystals melting at 162-167° (B). The
alcoliolic solution was concentrated 7# wacuo, and the re-
maining oil (2.6 g.) was distilled in a three-bulb tube at a
vacuum of 0.5 mm. and an air-bath temperature of 140-
165°. This gave 1.8 g. of a brownish viscous oil (C).

2,4,7-Trinitrofluorenone Derivative of x-Methyl-2,3-
benzofluorene.—Fraction B (0.26 g., m.p. 162-167°), ob-
tained in the above-described dehydrogenation experiment,
was purified by crystallization from alcohol, yielding 0.13 g.
of crystals inelting at 182-183°. This product was com-
bined witl: fraction A (0.3 g., m.p. 194-196°), the mixture
was dissolved in hot acetone and added to a hot acetone
solution of 0.6 g. of 2,4,7-trinitrofluorenone (TNF). The
mixture was cooled to +5° for 15 hours and then filtered,
yielding 0.87 g. (corresponding to 0.37 g. of hydrocarbon)
of orange needles melting at 222-224°. After crystalliza-
tion from acetone, the product inelted at 225-226°. The
TNF derivative prepared from commercial 2,3-benzofluorene
(Aldrich Chemical Co.) nielted at 219-220°,% and a mixture
of the two melted at 217-218°.

Anal. Caled. for C3HijsO7Nj:
7.70. Found: C, 68.53, 68.42;
7.94.

x-Methyl-2,3-benzofluorene, CisHijs.—Tlhe TNF deriva-
tive (0.85 g., m.p, 222-224°, equiv. to about 0.36 g. of
hydrocarbon) was dissolved in warin benzene and decom-
posed on a column containing 130 g. of activated aluniina
(Harshaw). The hydrocarbon was eluted with benzene.
The first fractions of hydrocarbon were completely white
(0.17 g.), then followed a vellowish fraction (0.1 g.). The
rest was contamunated with 2,4,7-trinitrofluorenone and
was rechromnatographed, giving an almost quantitative re-
covery of the hydocarbon. The yellowish fraction (0.1 g.)
was dissolved in petroleun ether and freed froni the vellow
contaniinant by chroniatograpliic purification usiug 40 g. of
alumina as adsorbent and petroleun: etlier as eluent. The
white hydrocarboi was recovered in practically quantitative

ield.
Y The white liydrocarbon fractious were combined and
purified by dissolving in ether, followed by addition of eth-
anol and evaporation of the ether by heating at atmospheric
pressure. Repeated recrystallization in this manner re-

C, 68.25; H, 3.51; N,
H, 3.71, 3.68; N, 7.90,

(33) M. Orchin, L. Reggel and E. Woolfolk, THIS JOURNAL, 69, 1225
(1947), report a melting point of 212.2-213.8° for 2.3-benzofluorene and
221.2-222° for {ts TNF derivative.
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sulted in colorless fine plates melting at 222-222.5°, A mix-
ture with purified commercial, 2,3-benzofluorene,? nelting
at 212-213,% showed a nielting point of 210-211°. A very
pure sample of our hydrocarbon was converted into the
TNF derivative, and gave again a product melting at 225—
226°. The hydrocarbon docs not form a picrate in chloro-
formi like 2,3-benzofluorene. The ultraviolet absorption
spectrum (Fig. 2) sliows the close relationship to 2,3-beuzo-
fluorene; the infrared spectrum shows differences in the
strong absorption bands in the 690-900 cmi.! region.

Anal. Caled. for CisHi: C, 93.87; H, 6.13. Found:
C, 93.97; H, 6.05.

2,4,7-Trinitrofluorenone Derivative of x-Methyl-2-phenyl-
naphthalene.—The distillate C (1.8 g.) of the above-de-
scribed dehydrogenation experinient was dissolved in a small
amount of hot acetone and was combined witlh a hot satu-
rated acetone solution of 1.8 g. of TNF. The mniixture
yielded after cooling 0.51 g. of red needles melting at 194—
200°. This niaterial consisted mostly of the TNF deriva-
tive of x-methyl-2,3-benzofluorene described above and
corresponds to about 0.2 g. of hydrocarbon. The niother
liquors of this TNF derivative deposited on further concen-
tration, in addition to 0.78 g. of unreacted TNF, different
fractions of a lower melting TNF derivative. Together,
5 fractions (0.8 g., corresponding to 0.32 g. of hydrocarbon)
were obtained, which melted between 134 and 140°. In
addition, 0.2 g. of a very impure TNF derivative also was
obtained. Tlie product melting between 134-140° was re-
peatedly recrystallized from alcohol and yielded finally
fine orange needles melting at 142-143°.

Anal. Caled. for CoHpO/Ns: C, 67.54; H, 3.59; N,
7.88. Found: C, 67.14, 67.35, 67.51, 67.65; H, 3.82,
3.72, 3.47, 3.33; N, 8.07, 8.28.

x-Methyl-2-phenylnaphthalene, C;7H;;.—A solution of
217 mg. of the above TNF derivative (m.p. 138-140°) in a
miixture of equal parts of benzene and petroleum ether was
decomposed on a columin of 20 g. of activated alumina.
The hydrocarbon was eluted with a mixture of benzene and
petroleumn ether (50:50); 83 mg. (caled. 88.7 mg.) of a
liquid colorless hydrocarbon was obtained. The product
solidifies at 0° and liquefies again at room temperature.
Its ultraviolet absorption spectrum (Fig. 3) indicates its
close relationship to 2-phenylnaphthalene.

Anal. Caled. for Ci;Hye: C, 93.53; H, 6.47.
C, 92.98, 92.89; H, 6.91, 6.95.

x-Methyl-2-phenylnaphthalene Complex with Two Moles
of 1,3,5-Trinitrobenzene.—To 76 nig. of the above CyHy
hydrocarbon in a small aniount of alcohol was added a hot
alcoholic solution of 76 mg. (1 mole) of trinitrobeuzene
(TNB). The niixture was partly concentrated in wvacwo,
the precipitated TNB derivative was filtered off and re-
crystallized fromn hot alcohol. The product forms yellow
plates nielting at 102-103°.

Anal. Caled. for CyHyOnNs: C, 54.04; H, 3.13; N,
13.04. Found: C, 54.22, 54.07; H, 2.97, 3.30; N, 13.32.

In the above-described dehydrogenation experimnent, a
total of 0.63 g. (2.75 moles) of x-methyl-2,3-benzofluorene
was obtained from 12 g. (about 40 moles) of starting mate-
rial, which corresponds to a yield of 7%,; in addition 0.32 g.
of x-methyl-2-phenylnaphthalene was obtaiued, correspond-
ingto3.7%. A relatively large fraction of the dehydrogena-
tion product (0.7 g.) did not react with TNF and was re-
covered by chromatographic purification. It did not form
a trinitrobenzene derivative either.

A six-hour dehvdrogenation experiinent of the saute start-
ing material yielded 3.29 of the 2,3-benzofluorene and 1.8%,
of the 2-phenyluaphthalene derivative. A dehydrogena-
tion of the crystalline product CiysHyO, yielded 29, of the
x-methyl-2,3-benzofluorene and 3.99%, of the x-methyl-2-
phenylnaphthalene.

NurLey 10, N. J.
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(34) The commercial product was purified by conversion into the
plerate or TINF derivatives, crystalilzation of the derivative, recon-
verslon {nto the hydrocarbon and erystaliization of the hydrocarbon.



