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the excess solvent, 25 g. (889) of tetraphenylethyiene was
isolated.

Alcoholic Potagsium Hydroxide.—To a warm solution
of 10 g. of potassiumi hydroxide in 90 g. of ethyl alcohol was
added 2 g. of benzpinacolyl alcohol (0.006 mole) and re-
fluxed for four hours. The reaction mixture was poured
into water and extracted with benzene. From the ben-
zene extraction, 1.30 g. (939%) of triphenylmethane and a
small amount  of benzaldehyde were isolated.

Diazomethane in Ether.—Run No. 1: to an ethereal
solution of diazomethane prepared by adding 20 g. of
powdered nitrosomethyl urea in small portions to 200 ml.
of ether and 60 mil. of 409, potassium hydroxide, was
added 17 g. of benzpinacolyl alcohol (0.048 mole) dis-
solved in 500 ml. of ether at a temperature of 0-5°. The
reaction mixture was then heated for forty-three hours.
After distilling the eXcess solvent, 16 g. (949%,) of benzpina-
colyl alcohol, and traces of triphenylmethane, were ob-
tained. Run No. 2: 10 g. (0.028 mole} and 1 g. of alu-
minum isopropoxide dissolved in 200 ml. of ethyl ether
wete added to an ethereal solution of diazomethane pre-
pared as indicated in Run No. 1. The temperature was
maintained at 0-5° during addition, and the reaction mix-
ture was then refluxed for eighteen hours. The excess
solvent was. distilled giving 9.2 g. (929,) of benzpinacolyl
alcohol. Glacial Acetic Acid.—25 g. (0.071 mole) was
heated in 200 ml. of glacial acetic acid at 60-87° for one
hour. = After distillation of the excess acetic acid, 24.6 g.
(94.49,) of benzpinacolyl alcohol was recovered. Lead
Acetate and Acetic Acid.—5 g. (0.014 mole) was heated
with 1 g. of lead acetate in 300 ml. of glacial acetic acid
for two hours, From the precipitate formed when the
reaction mixture was poured into water, 4.2 g. (849%,) of
benzpinacolylalcoholand 0.1 g. {2.5%) of tetraphenylethyl-
ene were obtained. Acetic Anhydride.—20 g. (0.056
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mole) was refluxed with 300 ml. of acetic anhydride for
eight hours. After distillation of the excess acetic acid,
19.4 g. (979%,) of benzpinacolyl alcohol was recovered.
Metallic Sodium in Benzene.—To 2 g. (0.006 mole) dis-
solved in 300 ml. of benzene, 0.3 g. of sodium (0.013 gram
atom) was added and refluxed for sixteen hours. The
reaction mixture was separated from the unreacted sodium,
and 0.61 g. of ethyl bromide was added and refluxed for
three hours. The excess solvent was distilled off and 1.3 g.
of triphenylmethane (949} and a trace of benzaldehyde
were found.

Summary

1. Oxidation of benzpinacolyl aleohol with
chromic anhydride gives 619, benzopinacolone,
229, triphenylcarbinol, 79, tetraphenylethylene,
and 89, benzaldehyde. Permanganate in acetic
acid gave 549, triphenylcarbinol and 57%, ben-
zaldehyde. Permanganate in neutral solution or
selenium dioxide did not oxidize the alcohol.

2. Lead tetraacetate gave 709, triphenyl-
carbinol and 49, tetraphenylethylene at 50°
and 519, tetraphenylethylene, 339, triphenyl-
carbinol and 359, benzaldehyde at 120°. The
lower yield of cleavage at elevated temperatures
argues against a free radical intermediate as does
the absence of triphenylmethyl peroxide when the
reaction is carried out in the presence of air,

3. Attempts to prepare ethers of benzpin-
acolyl alcohol have been unsuccessful.
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The Structures and Syntheses of Rhizocarpic Acid and Epanorin!

By RoBeErT L. FrRANK, 8. Mark CoOHEN AND JaMmes N. CORER

Rhizocarpic acid is a yellow pigment isolated in
1844 by Knop? from a number of lichens and ob-
tained by Zopf® in 1895 from’ the lichen RAizo-
carpon geographicum. Epanorin is a similar pig-
ment, first found by Zopf in the lichen Epanora
lecanora.® These are the only known nitrogen-
containing lichen pigments.

In this paper are described the structure eluci-
dations, confirmmed by synthesis, of these two pig-
ments. Rhizocarpic acid (I) is the amide of
pulvinic acid with the methyl ester of 1r-phenvl-
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(1) This is the third commusication on the chemistry of fangi
and lichens. For the first two see Tuis JouRrRNaL, 72, 1824, 1327
(1950).

(2) Konop, Ann., 49, 122 (1844).

(8) Zopf; ibid., 284, 107 (1895).

(4) Zopf, ibid., 313, 330 {1900
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alanine; epanorin (II) is the corresponding deriva-
tive of L-leucine.®

Zopf*® reported a molecular formula of Cas-
HxOe for rhizocarpic acid; Hesse? favored the
formula CyeHgO;. Neither of these authors, how-
ever, recognized the presence of nitrogen in rhizo-
carpic acid, an understandable oversight since no
lichen pigments were then known to contain this
element.

(56) The pulvinic acid derivatives represented in this paper are
formulated in the enolic form in accord with previously published
structures (see Karrer, Gehrckens and Heuss, Hely. Chim, Acta, 9,
446 (1926)). It is understood thai they may actually have the
keto form; infrared absorption spectra indicate this may be the
case (see reference 12).

{6) Zopf, Ann,, 838, 35 (1903).

(7) (a) Hesse, Ber., 31, 663 (1898); (b)Y J, prakt. Chem., [2] 88,
4685 (1898): fc) dbid., T6, 1 (1907}
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Salkowski® established the optical activity of
rhizocarpic acid in 1901.

An important contribution to the structure was
made by Zopf in his early experiments,?® in which
he discovered that rhizocarpic acid is cleaved by
hot acetic anhydride to yield the known pulvinic
acid lactone (III),° along with a colorless solid

CO—O
A 20
R
O0——Co
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NHAc
CeH;CH.CHCO,CH;
v

melting at 88°. Hesse subsequently obtained
oxalic and phenylacetic acids by barium hydrox-
ide degradation of rhizocarpic acid, but their for-
mation can be attributed to cleavage of the pul-
vinic acid portion of the molecule.’

Saponification of the pigment by means of po-
tassium carbonate or bicarbonate’™ gave an acid,
m. p. 92°, which Hesse called norrhizocarpic acid.
This formed an ethyl ester, m. p. 171°.7¢ Hesse
considered norrhizocarpic acid to be a dicarboxylic
acid, rhizocarpic acid its monoethyl ester, and the
ester of m. p. 171° its diethyl ester, since rhizo:
carpic acid was converted to the compound melt-
ing at 171° by heating with ethanolic hydrogen
chloride.

The correct molecular formula, CssHaOsN, for
rhizocarpic acid was published in 1944 by Jones,
Keane and Nolan.!! These workers also reported
the alkaline cleavage of the pigment to yield
methanol, oxalic acid, phenylacetic acid and a
colorless fragment of composition Cy7Hi7OsN.

The above facts indicate that rhizocarpic acid
is a derivative (amide or ester) of pulvinic acid
(V). Subtracting the elements of the pulvinyl

CO,H OH

Coemeee
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group from the complete molecular formiula
(CasHpsOsN-C1sH1104) leaves the fragment —Cyo-
H;30,N. The fragment should contain a carbo-
methoxyl group, and this fact suggests by elimi-
nation that the fragment is attached to the pul-
vinyl group through the nitrogen atom. This
part of the molecule should also account for the
optical activity of the pigment, and further, the
low hydrogen content indicates the presence of a
phenyl group. Therefore —C;oH120:N may be
represented by

(8) Salkowski, Ann,, 819, 391 (1901); Zopf, ibid., 821, 37 (1902).

(9) Spiegel, ibid., 319, 1 (1883);: Volliard, ibid., 382, 21 (1894).

(10) Hesse, J. praki. Chem., T8, 113 (1906).
(11) Joumes, Keane and Nolan, Vature, 154, 580 (1944).
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H (—CO,CH,
—N—{ —C¢H;
| =CyH; (with one asymmetric carbon)

or its equivalent. This formulation allows only a
few structural choices. One of these is the methyl
ester of the phenylalanyl group, an attractive pos-
sibility because of the natural occurrence of
L-phenylalanine.

The methyl ester of L-phenylalanine was there-
fore prepared and warmed with a chloroform sclu-
tion of pulvinic acid lactone (V)!? to give a vellow
crystalline product (I) in 759, yield. This proved
to be identical with rhizocarpic acid in m. p. and
optical rotation, and in the m. p.’s of the saponi-
fied product (norrhizocarpic acid), m. p. 92°, and
the transesterification product with ethanol, m. p.
171°, It also yielded pulvinic acid lactone (IIT)
when heated with acetic anhydride.

A sample of natural rhizocarpic acid, gener-
ously sent us by Dr. John Keane of University
College, Dublin, gave no depression in m. p. when
mixed with the synthetic pigment, and the infra-
red absorption spectra of the two samples were
identical (Fig. 1).

Considering the correct formula I, it is now pos-
sible to assign structures to the various degrada-
tion products of rhizocarpic acid. The material
of m. p. 88° reported by Zopf® is probably the
methyl ester of L-acetylphenylalanine (IV),
Norrhizocarpic acid is Structure VI; the ethyl
ester, m. p. 171°, is Structure VII. Hesse's ethyl

CH,CeH;
¥H CHCO,R

1
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ester formation’ from rhizocarpic acid was actu-

ally a transesterification, rather than the for-

mation of a diethyl ester from a monoethyl ester.
The alkaline cleavage product, CiyH,;O;N, of

Jones, Keane and Nolan!! can be formulated as

L-phenylacetylphenylalanine (VIII).

NHR

|

CoO

VIIL R = -~—CH(CH0C6H5)C02H

Hesse?™ 13 reported another derivative of rhizo-
carpic acid, rhizocarpinic acid, m. p. 170°, which
he believed occurred in Rkigocarpon geogmpkzcum
Zopf'* claimed this was an impure sample of
rhizocarpic acid. In light of present knowledge
Hesse’s rhizocarpinic acid may be the ethyl ester

(12) Frank, Clark and Coker, Tu1s JoURNaL, T3, 1824 (1050

(13) Hesse, Ber., 30, 357 (1897).
(14) Zopf, Ann., 346, 82 (15086),
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(VII) of norrhizocarpic acid, and may have been
formed from rhizocarpic acid during its isolation
fromt the lichen, or it may indeed be present in the
lichen.

Epanorin was isolated from Lecanora epanora in
very small amount by Zopf,* and he recorded only
its m. p. Jones, Keane and Nolan*! reported a
molecular formula of CpsHysO6N, the presence of
one methoxyl group, and alkaline degradation to
a substance of composition CiHypOsN. In 1946
Keane and his students® obtained pulvinic acid
lactone (III) and an amine hydrochloride,
CsH130.N-HCIl, by acid cleavage of epanorin.

By analogy with the chemistry of rhizocarpic
acid, epanorin might be expected to be the pul-
vinic acid amide of the methvl ester of leucine or
isoleucine. Since L-leucine 1s more widely dis-
tributed in nature than L-isoleucine,?? its methyl
ester was treated with pulvinic acid lactone!? to
form Compound 1T in 47% vield. This melted at

134--135° and the m. p. was not depressed on mix-
ture with Dr. Keane’s natural epanorin, m. p.
134.5-135.5°. Infrared absorption spectra of the
two samples were identical (Fig. 1).

It is now possible to formulate the compound

CiaH,OsN of Jones, Keane and Nolan!! as .-
phenylacetylleucine (corresponding to VIII in
which R equals —CH(CH;CH(CH3;),) CO.H).

We have also prepared the racemic forms of
rhizocarpic acid (I), ethyl norrhizocarpate (VII}
and epanorin (II}. These are reinarkable in that
they show unusually large variances from nw. p.'s
of the active forms. bpL-Rhizocarpic acid melts
33° lower than r-rhizocarpic acid, ethyl pr-nor-
rhizocarpate melts 27° lower than its active form,
and pL-epanorin melts 34° kigher than r-epanorin.

Acknowledgment.-—We are pleased to express
our gratitude to Dr. John Keane of Umiversity
College, Dublin, Ireland, for samples of natural

(15) Dr, John Keane, private communication. This work was
performed at the University of Dublin in collaboration with the late
Profegsor T. J, Nolan and the students Misses M. P, Jones and B.
Cetter and Mr. D. J. McDonnell, They proposed at that time the
tentative formula CHOCO(CHNNT—P, in which P is the pul-
vinyl group.

(18) Block and Bolling, "The Amino Acid Composition of Pro-
teins and Foods,”” C. €. Thomas, Springfield, Illinois, 1945, pp. 237~
238, 304,

Infrared absorption spectra: curves A and B represent crystalline L-rhizocarpic acid and L-epartorin, respectively.

rhizocarpic acid and epanorin, to Dr. George A.
Llano of the Smithsonian Institution, Washing-
ton, D. C., for helpful suggestions and lichen
samples, and to Mrs. Volney H. Jones of the
University of Michigan Herbarium for lichen
samples.

Experimental

All m. p.s are corrected.

[-Rhizocarpic Acid (I).—Two grams (0.012 1nole) of
L-phenylalanine was suspended in 100 ml. of methanol,
Dry hydrogen chloride was passed in for two hours, and
the solution was refluxed during this time. The excess
methanol was then evaporated under reduced pressure,
leaving the white crystalline methyl ester hydrochloride.
This was dissolved in 10 ml. of water, the solution cooled
to 5°, and 50 ml. of ether was added, followed by the slow
addition of 25 ml. of 359, aqueous sodium hydroxide.
Immediate extraction with four 50-ml. portions of ether,
drymg of the extracts over potassium carbonate and evap-
oration of the ether yielded 1.3 g. of the oily yellow phenyl-
alanine ester. This was dissolved in 78 ml. of chloroform,
1.3 g. (0.0045 mole) of pulvinic acid lactone!? was added,
and the solution refluxed for one hour. Evaporation of
the chloroform on a steam cone yielded a brown oil which
solidified to yellow crystals. A single recrystallization
from methanol gave needles of r-rhizocarpic acid, 1.6 g.
(76%), m. p. 175-177%. Further recrystalhzatlon from
methanol raised the m. p to 177-178°, [a]®*p +110.4 =

°(1.22 g. per 100 ml. of chloroform solution). Anal.l?
Caled. for CpsHyuOeN: C, 71.66; H, 4.90; N, 2.99.
Found: C, 71.62; H, 4.99; N, 2.99.

A mixture of this compound with natural rhizocarpic
acid, . p. 177-177.5°, melted at 177-178°,

We were not successful in preparing the acetyl deriva-
tive of rhizocarpic acid reported by Hesse.’®

The infrared absorption spectrum of L-rhizocarpic acid in
chloroform solution was essentially the same as that of the
crystalline solid (Fig. 1).

L-Norrhizocarpic Acid (VI).—Two-tenths of a gram
(0.0005 mole) of L-rhlzoca.rplc acid was suspended in 20
ml of 10% agueous potassium carbonate and the mixture
refluxed for one-half hour. The resulting yellow solution
was filtered hot, cooled to 5°, and acidified with concen-
trated hydrochloric acid. The yellow precipitate which
formed was extracted with two 25-ml. portions of ether,
and the combined extracts washed twice with 10-ml. por-
tions of cold water. The ether solution was then dried
gver Drierite, and the ether evaporated on a steam cone to
vield a yellow oil containing some crystals. The oil was
crystalhzed with the help of seeding, from 10 ml. of glacial
acetic acid containing a little water. The product, washed
with three 5-ml. portions of cold water, was obtained as
015 g, (779%) of yellow ncedles, m. p. 91-92° (lit.,™>

(17) Mieroanalyses were performed by Miss Emily Davis, Miss
Rachel Kopel and Mr. Maurice Diare,
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92°); [a]®D +68.6° (39 g. per 180 ml. of chloroform
solution).

5 fénal. Caled. for CyHznOsN: N, 3.07. Found: N,
92,

Ethyl vL-Norrhizocarpate (VII).—From Rhizocarpic
Acid: A solution of 0.10 g. (0.0002 mole) of rhizocarpic
acid and three drops of concentrated hydrochloric acid in
25 ml. of absolute ethanol was refluxed for twelve hours,
then concentrated to 5 ml. Cooling produced 0.1 g. of the
ethyl ester as minute yellow needles, 0.066 g. (649,) after
two recrystallizations from ethanol, m. p. 170-170.5°. A
mixed m. p. with rhizocarpic acid was 160-170°; with the
ethyl ester described just below it was 169-171°.

From Norrhizocarpic Acid.—A solution was prepared
from 0.2 g. (0.0005 mole) of the uncrystallized oily nor-
rhizocarpic acid obtained from rhizocarpic acid, 1.0 ml. of
concentrated hydrochloric acid and 50 ml. of absolute
ethanol. This was refluxed for six hours, concentrated to
15 ml. and cooled to produce 0.12 g. (589,) of yellow
needles, m. p. 169-170°. Recrystallization from ethanol
raised the m. p. to 170-171°, [«]%D 116.0 = 2.2° (0.18
g. per 100 ml. of chloroform solution).

Anal. Caled. for CpHysON: C, 72.07; H, 5.17; N,
2.90. Found: C, 72.10; H, 5.19; N, 3.02.

L-Epanorin (II) .—The same procedure as was employed
for L-rhizocarpic acid, with 1.6 g. (0.012 mole) of L-leucine
in place of L-phenylalanine, and the same quantities of the
other materials, yielded 1.6 g. of crude L-epanorin, yellow
needles which after one recrystallization from methanol
weighed 0.91 g. (479%), m. p. 135-136°; [a]%?D —1.86
+(0.2° (6.48 g. per 100 ml. of chloroform solution). The
levorotation was approximately one-half this value at 21°.

Anal. Caled. for CxHyuOeN: C, 68.98; H, 5.74; N,
3.21. Found: C, 69.12; H. 5.71; N, 3.30.

A mixture of this compound with natural epanorin,
m. p. 133.5-134.5°, melted at 133.5-134.5°.

The infrared absorption spectrum of vr-epanorin in
chloroform, unlike that of rhizocarpic acid, differed mark-
edly from that of the crystalline solid (Fig. 1) in that the
strong band at 1752 cm. ™! of the solid was replaced by two
medium bands at 1751 and 1772 cm. 1.

pL-Rhizocarpic Acid (I).—The yield of amide, prepared
in the same manner and with the same amounts of materials
as was L-rhizocarpic acid, was 807, yellow needles from
ethanol, m. p. 144-145°.

Anal. Caled. for Cy;3HyuOgN: C, 71.66; H, 4.90; N,
2.99. Found: C,71.77; H, 4.89; N, 3.01.

The infrared absorption spectrum of pL-rhizocarpic acid
in chloroform solution was identical with that of the L-
isomer. The spectrum of the crystalline solid differed
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from that of crystalline r.-rhizocarpic acid in that the bands
at 1740 and 1772 cm. ! of the L-isomer were replaced by a
single band at 1754 cm.~1in the case of the racemic form.
Ethy! pL-Norrhizocarpate (VII).—This was synthesized
in the same manner as was L-rhizocarpic acid, and with the
same amounts of materials, except that the amino ester
prepared was the ethyl ester of pL-phenylalanine instead of
the methyl ester of L-phenylalanine. The yield was 729,

- yellow needles from absolute ethanol, m. p. 143-144° (a

mixed m. p. with the corresponding methyl ester, m. p.
144-145°, was 131-134°).

Anal. Caled. for CyoH,;O4IN:
Found: C, 72.26; H, 5.24.

pL-Epanorin (II).—The procedure analogous to that
for L-rhizocarpic acid gave a 419, yield of DL-epanorin,
yellow needles from methanol, m. p. 162-163°.

Anal. Caled. for CyHyOsN: C, 68.98; H, 5.74.
Found: C, 68.89; H, 5.54,

The infrared absorption spectrum of pL-epanorin in
chloroform was identical with that of the optically active
material.

Pulvinic Acid Lactone (III) from Compounds I, II, VI
and VII.—A solution of 0.1 g. (0.0002 mole) of L-rhizo-
carpic acid in 10 ml. of acetic anhydride was refluxed for
two hours, then poured into 10 ml. of water and stirred
until all the acetic anhydride had decomposed. Cooling
to 5° resulted in the formation of yellow crystalline pul-
vinic acid lactone, 0.05 g. (74%), m. p. 219-221° (lit.,!?
220-221°) after washing with cold water and one re-
crystallization from chloroform. This procedure with
pL-rhizocarpic acid, ethyl L-norrhizocarpate and L-epano-
rin gave the same product in comparable yield. L-
Noirlhizocarpic acid gave the lactone, but in less than 209,
yield.

Infrared Absorption Spectra.—The spectra were kindly
furnished by Miss Elizabeth M. Petersen, using a Perkin-
Elmer Model 12B infrared spectrometer with rock salt
optics. The spectra of Fig. 1 were obtained with the
crystalline pigments as Nujol mulls.

C, 72.07; H, 5.17.

Summary

Rhizocarpic acid and epanorin, the only lichen
pigments known to contain nitrogen, have been
shown by synthesis to be the methyl esters of the
pulvinic acid amides of L-phenylalanine and L-
leucine, respectively. The synthetic materials
are identical with samples of the natural pigments.
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Tripotassium 1,3,5-Triazacyclohexane-1,3,5-trisulfonate

By W. P. BinNig, H. L. CouEN AND GEORGE F WRIGHT

One of the processes developed in Germany for
manufacture of Cyclonite (1,3,5-trinitro-1,3,5-
triazacyclohexane, RDX) at the beginning of the
second world war supposedly involved the prepa-
ration of potassium methylenesulfamate and its
conversion to the explosive in 80%, yield with
nitric acid and sulfur trioxide.? The following
reactions have been suggested as representative
of this process

(1) CHO + H,NSO;K —>» CH,=NSO;K + H,0

(1) W. D. Crater, Ind. Eng. Chem., 40, 1627 (1948).
(2) See also P, B. reports 925, 1820 and 80,891 (1945).

SO
(2) CHy=N—SOK + HNO; — CHy»=NNO;, +
KNSO,
(3) 3CH;=NNO; —>» (CH?=N_NOZ)3

Reaction 3 of this series involves the trimerization
of the hypothetical methylenenitrimine to Cy-
clonite. The propriety of this step seems ques-
tionable in view of earlier studies®* which in-
dicate that this monomer, if formed, decomposes
at once to formaldehyde and nitrous oxide. No

(3) W. J. Chute, ¢t al,, Can., J. Res.. 27B, 218 (1949),
(4) E. Aristoff, ¢t al., ibid., 9TB 520 (1949).



