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together with their amount are given in Table I. Since
these all have been described previously, their identification
ltas been made in the usual way by coniparison of melting
points, R values, rotations and ultraviolet spectra. Un-
doubtedly, witht further effort and tinte tlie number of crys-
talline alkaloids isolated from Piaroa curare cau be increased
to several tintes tlie present list,

The Halochrome Reaction of C-Curarine-I.-—Wlenn a
sample of C-curarine-I chloride was dissolved in concen-
trated hydrochloric acid, it gave a deep violet solution whose
ultraviolet absorption spectrum showed maxima and ex-
tinction values (calculated on the basis that C-curarine-1
cliloride is CypHON4Cle) as follows: 262 my (¢, 2.18 X 104},
295 (¢, 1.26 X 10%) and 550 (¢, 3.77 X 10%). By comparison
the ultraviolet spectrumt C-curarine-I chloride in ethanol has
niaxima at 260 my (e, 2.58 X 104) and 296 (¢, 1.18 X 104].
After short periods of tinte, dilution of the concentrated
acid solution gave back a solution having a pure C-curarine-I
spectrum. On the other hand, solutions of C-curarine-1 in
strong acid which had been allowed to stand at rooni tein-
perature for an hour showed a decrease of inteusity at the
longer wave lengths (550 my) to about one-half the original
value. A solution of C-curarine-I in concentrated hydro-
chloric acid which had been allowed to stand under nitrogen
until the original violet color had undergone a series of
changes through various reddish-browns to an eventual
vellow was investigated by paper cliromatography using
thie methyl ethyl ketone mixture, C-Curarine-I could no
longer be detected but, iustead, tliere were spots corre-
sponding to six new compounds. The fastest moving of
tliese, having an R; value of approximately 2.2, shewed a
bluish fluorescence reminiscent of C-curarine-III (fluo-
curarine). Comparative paper chromatography using z-bu-
tvl alcohol as solvent as well as the ultraviolet spectrum of
the substance strongly supported tlie conclusion that it was
C-curarine-III.

This experiment was then repeated on preparative scale
using 104 mg. of C-curarine-I cliloride in 10 ml. of concen-
trated hivdrochloric acid.  After standing uuder nitrogen at
room teniperature for 94 hours, tle solution was evaporated
and tle residue was subjected to partition chiromatograpliy
over powdered cellulose using the zn-butyvl alcoliol solveut.
The first fluorescent band was collected and on concentration

ARTHUR C. CoPr aND HERBERT E. JOHNSON

Vol. SO

gave 6.9 mg. of a guir.  The identity of this product (frac-
tion 1) with C-curarine-III chloride was establislied by the
following comparison. Comparative paper chiromatography
using either the n-butylalcoholor the niethylethylketonesol-
vent mixtures sliowed identical behavior for both fraction 1
and C-curarine-I1I. Paper electrophoresis of a mixture of
the two using 5% acetic acid gave only one spot. The
fluorescence and color reactions of both were identical. As
sliown in the table below, the ultraviolet absorption spectra
of fraction 1 in water both with and without added base,
welre identical to thie corresponding spectra of C-curarine-
I11.

ULTRAVIOLET SPECTRA
Maxima, my
Neutral solution
Fraction 1
C-Curarine-111
Basic solution
Fraction 1
C-Curarine-111

242, 299, 361
242, 299, 361

250, 315, 388
250, 315, 388

Finally, the remainder of the g was couverted to the
corresponding crvstalline @-anthraquinonesulfonate, unp.
308-310° dec.2* Tl infrared spectrum of tlie crystalline
B-anthraquinounesulfonate of fraction 1 using a potassium
broniide wafer corresponded it all respeets to that obtained
from an authentic samnple of the g-anthraquinonesulfonate of
C-curarine-I1I.

That the C-curarine-111 could not have riseu frowm impuri-
ties present in the sawple of C-curarine-1 was demonstrated
by very careful chieck of thie purity of C-curarine-I. In tests
using paper chromatography with various solvents and in
paper electrophoresis experiments 1o evideuce of impurity
could be found.

As vet 1t has not been possible to identify the other prod-
ucts fornied during the acid treatutent of C-curarine-I, but
these are still nuder investigation.

(24) Reference 3 gives 308-310° dec. as the m.p. of the g-anthra-
quinonesulfonate of C-curarine-TII.
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Fungichromin.

Determination of the Structure of the Pentaene Chromophore

By ARTHUR C. CoPE AND HERBERT E. JOHNSON!

RECEIVED OCTOBER 28, 1957

Sodium periodate oxidation of fungicliromin has been shown to vield, in addition to otlier products, 2-methyl-2,4,6,8,10-

dodecapentaenedial.

The structure of the dialdehyde was determined by reduction to 2-methyl-2,4,6,8,10-dodecapentaene-

diol, hydrogenation to 2-methyldodecane-1,10-diol and oxidation to 2-methyl-2,4,6,8,10-dodecapentaenedioic acid which

was reduced to 2-methyldodecanedioic acid.

Sodiunt periodate oxidation of hydrogenated fungichromin followed by oxida-

tion of the aldehydes formed also vielded 2-methyldodecanedioic acid.

Fungichromin?? is one of a number of crystalline
antibiotic substances produced by members of the
genus Streptomyces that have been isolated recently.
Fungichromatin,? Fumagillin,*=% and Filipin’® which
are closely related to Fungichromin in molecular
formula also have been produced, as have a large

(1) National Institutes of Health Postdoctoral Fellow, 1955-1036.

(2) A. A. Tytell, ¥. J. McCarthy, W, P. Fisher. W. A, Bolhofer and
1. Charney, ‘“*Antibictics Annual, 1031-1955,"" Medical
pedia. Inc., New York, N. Y., p. 716.

{3) F.J. MeCarthy, W. P. Fisher, J. Charney and A. A, T'vtell, ibid.,
p. 719,

{(4) T. 71 Eble and F. R. Hanson, Antibiolics & Chemntherapy, 1, 54
(1951).

(5) I. N. Asheshov, ¥. Strelitz and E, A. Hall, 7/b:d.. 2, 361 (1952).

{6) J. R. Schenck, M. P. Hargi, D. 8. Tarbell and P. Hoffman,
Turs JournaL, 75, 2274 (1953).

(7) A. Ammann, D. Gottlieb and H.
porier, 89, 219 (1955).

(8) G. B. Whitfield, T. D. Brock. A. Ammann, D. Cottlieh and H.
19, Carter, Tes TorrNat, 77, 4700 (1G35).

Encyelo-

¥. Carter, Plant Discase Kr

number of other similar antibiotic substances.”
All of these substances are polyenic in character and
are markedly similar in their antifungal activity.
Fungichromin was found to contain no methoxyl
or acetoxyl groups, nitrogen, halogen or sulfur. A
large active hydrogen value (lithium alumninum hy-
dride in tetrahydrofuran) indicated the presence of
10-11 hydroxyl groups and C-methyl determinations
gave a minimum value of 3—4 such groups. Absorp-
tion maxima in the ultraviolet spectrum occur at
311, 323.5, 339 aud 357 mu which upon correlation
with other polyene compounds® indicated a conju-
gated pentaene system. The molecular weight of

(9) For compilations of the properties of these macerials see (a)
W, Oroshnik, L. C. Vining, A. D. Mehane and W. A, Taber, Scicnce,
121, 147 (1955): (b) I.. C. Vining, W. A, Taler and 1. A, Lecheralien,
Congr. intern. Botanigue, 106 (1934); (¢) Y, Okami, R, Uitahara, S.
Kakamura and H. Untizawa, J. Awtihiotics (Japaw), Ser. A, 1, 98
a1a51),
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fungichromin and a molecular formula of CyHeoOus
previously have been reported as has the production,
isolation and purification.?*

In the present work, fungichromin was subjected
to a short treatment with sodium carbonate solution
and then oxidized with sodium periodate. A
crystalline orange solid was isolated from the reac-
tion mixture, and characterized as 2-methyl-
2,4,6,8,10-dodecapentaenedial (I) as described be-
low.

Reduction of the dialdehyde I with sodium boro-
hydride gave a crystalline glycol, 2-methyl-2,4,6,8,-
10-dodecapentaene-1,10-diol (II). The ultraviolet
spectrum of IT was nearly identi-
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m.p. 140-144°; AEQ¥ my (e): 222 (7,640), 284 (6,200),
384 (77,000), 402 (75,000).

Anal. Caled. for CyHp:0.: C, 77.20; H, 6.98. Found:
C, 77.37; H, 6.99.

2-Methyl-2,4,6,8,10-dodecapentaene-1,10-diol (1I).—A

solution of 59 mg. of the dialdehyde I in 15 ml. of absolute
methanol was prepared and 12 mg. of sodium borohydride
added. The solution became orange and then changed to a
pale yellow. After standing for 45 minutes at room tem-
perature a solution of 0.5 ml. of concentrated ammonium
hydroxide in 30 ml. of water was added. Nearly colorless
crystals formed and were collected by filtration; 44 mg.,
m.p. 160-164°. Two crystallizations from ethanol-water
gave II as nearly colorless blades, m.p. 160-165°; AEQ® mu
(e): 240 (approximately 3500), 319 (65,300), 334 (107,000),
351.5 (108,500).

cal to the spectrum of fungichro- | (1\) NaBH,
min thus showing that no struc- HCC=CH(CH=CH).CH -— HOCH,C=CH(CH=CH),CH,OH
tural changes had taken place in j
the polyenic system and that the CH? I CH, I
glycol II contained the chromo- i T 1L< con T T T
phorethatis present in fungichro- | | D8 Fungichrotuin
min, Ag:0 ] NalO, Ha, Ni
Sodium periodate oxidation of i H., Pt
hydrogenated fungichromin fol- l‘
lowed by oxidation of the alde- HO,CC=CH({CH=CH).CO,H }f{ydrf)ghenatcfd HOCHQ?H(CH2)9CH201i
hydes that were formed with sil- ungiehiromiu :
ver oxide in a solution containing CH; VI ‘ CH, I
sodium hydroxide gave a crystal- . i
lineacid. Itsneutralequivalent  H, L, NalOs i :
4 | C:H;NCO
and a molecular weight determi- Pt l 2, Ag:0
nation of its methyl ester estab- l
lished that the compound was a RO,CCH(CH,),CO.R 1, LiAlH, CsH;NHCO,CH,CH(CH:)sCH,0,CNHC:H;
dicarboxylic acid, and one C- | o CULNCO |
methyl group was shown to be VC;IS H S CH; v
present by the Xuhn—-Roth VIT R = CH,

method. Comparison of itsinfra-
red spectrum with the spectrum of authentic 2-
methyldodecanedioic acid® (V) and a mixed melting
point of the two compounds showed them to be iden-
tical.

Oxidation of the dialdehyde I with silver oxide
and base gave 2-methyl-2,4,6,8,10-dodecapentaene-
dioic acid (VI) which could be hydrogenated to the
saturated acid V.1 Hydrogenation of the dialde-
hyde I over nickel gave 2-methyldodecane-1,10-diol
which was characterized as its bis-phenylurethan.
The same derivative was prepared by reduction of
synthetic V with lithium aluminum hydride followed
by conversion to its bis-phenylurethan.

Experimental*?

Sodium Periodate Oxidation of Fungichromin. Isolation
of 2-Methyl-2,4,6,8,10-dodecapentaenedial (I).—A mix-
ture of 521 mg. of fungichromin, 110 mg, of potassium car~
bonate, 15 ml. of methanol and 5 ml. of water was boiled
gently on a steam-bath for 30 minutes. The dark orange
solution was cooled and a solution of 3.0 g. of sodium perio-
date in 60 ml. of water was added. After shaking the
mixture at room temperature for 16 hours it was acidified
with dilute sulfuric acid to dissolve precipitated potassium
iodate. The flocculent orange solid was separated by
centrifugation, washed well with water and dried giving 135
mg. of material, m.p. 140-145°. Two crystallizations from
cyclohexane gave the dialdehyde I as yellow-orange needles,

(10) P. Chuit, F. Boelsing, J. Hausser and G. Malet, Helv. Chim.
Acta, 10, 167 (1927).

{11) We are indebted to Dr. Bernard T. Gillis for the results of this
experiment,

(12) Melting points are corrected We are indebted to Dr. 8. M,
Nagy and his associates for analyses. C-Methyl determinations were
obtained {from Microchemical Specialties Co., Berkeley 3, Calif.

A’Vldl. Caled. for le‘hgo-f. C, 756‘), H‘ 8.80.
C, 76.02; H, 9.09.
2-Methyldodecane-1,10-diol (III). A. By Hydrogena-
tion of I.—A 47-mg. sample of the dialdehyde I was added
to a suspension of Raney nickel previously saturated with
hydrogen in 20 ml. of ethanol. The mixture was stirred at
26° in an atmosphere of hydrogen for 80 minutes at which time
the hydrogenation had stopped and 34 ml. of hydrogen
(829 of 7 molar equivalents) had been absorbed. Removal
of the catalyst by filtration and evaporation of the ethanol
left 43 mg. of a colorless viscous oil. Fifty milligrams of
phenyl isocyanate was added, the mixture was heated for
10 minutes at 95°, and then allowed to stand overnight.
One crystallization of the crude derivative from liexane gave
63 mg., m.p. 92-98°. Further crystallization from hexane
gave minute blunt needles, m.p. 101-103°. A mixed melt-
ing point with an authentic sample (see part B below) was
undepressed and the infrared spectra of the two samples were
identical.

Anal. Caled. for CxHiN:04: C, 71.33; H, 8.43; N,
6.16. Found: C, 71.27; H, 8.50; N, 6.00.

B. By Reduction of 2-Methyldocanedioic Acid (V).—A
solution of 122 mg. of V¥ in 20 ml. of absolute etlier was
prepared and 100 mg. of lithium aluminum hydride added.
After refluxing the mixture for 1.5 liours it was poured over
cracked ice and enough 409, sulfuric acid was added to dis-
solve the precipitated salts. The ether layer was separated
and the aqueous phase extracted twice with ether. The
extracts were dried over magnesium sulfate and then evapo-
rated, leaving 103 mg. of a colorless viscous oil. The bis-
phenylurethan was prepared by reaction with 103 mg. of
phenyl isocyanate as described above to give colorless crys-
tals, m.p. 101-103°.

Sodium Periodate Oxidation of Hydrogenated Fungichro-
min. Isolation of 2-Methyldodecanedioic Acid (V).—-
Fungichromin was hydrogenated in ethanol {(about 80 ml.
per g.) in the presence of Adams platinum catalyst at atmos-
pheric pressure and room temperature. About 4.5 molar

Found:
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equivalents of hydrogen was absorbed under tliese condi-
tions, and the reduction product, which was obtained as a
coloriess, amorphous glass by removal of the solvent, was
oxidized without further purification. To a solution of 644
mg. of hydrogenated fungichromin in 25 ml. of methanol
was added a solution of 3.0 g. of sodium periodate in 50 ml.
of water and the mixture was allowed to stand at room tem-
perature for 19 hr. After dilution with 200 ml. of water the
mixture was extracted four times with chloroform. The
extracts were dried over magnesium sulfate and then evapo-
rated, leaving 719 mg. of a nearly-colorless viscous oil. Two
grams of silver oxide and 30 ml. of 3 N sodium hydroxide
solution were added to the oil and the mixture was heated
at 90° on a steam-bath for 45 minutes. The solids were then
removed by filtration and the filtrate, after acidification with
dilute hydrochloric acid, was extracted four times with
chloroform. Upon evaporation of the dried (magnesium
sulfate) extracts 262 mg. of a light-yellow oil was obtained
that slowly solidified. Digestion of the oil with boiling
liexane left 101 mg. of insoluble material and cooling of the
liexane gave 68 mg. of crystals. Several additional crys-
tallizations from hexane gave colorless blunt mneedles,
m.p. 73-74.4°. A Kuhn-Rothh C-methyl determination
on the dicarboxylic acid V showed 0.87 C-methyl (caled.
1.0). A mixed melting point with a synthetic samnple of 2-
ntethyldodecanedioic acid!® showed no depression and the
infrared spectra of the two samples were identical in every
respect. Subsequent studies of the reaction of hydrogen-
ated fungichromin with sodium periodate for shorter periods
of timel! have indicated that the results described here can
be explained only by hydrolysis of an ester or lactone group
masking one of the hydroxyl groups in hyvdrogenated fungi-
chromin prior to the cleavage with periodate.
2-Methyl-2,4,6,8,10-dodecapentaenedioic Acid from 2-
Methyl-2,4,6,8,10-dodecapentaenedial (I).1'—A solution of
1.05 g. of sodium hydroxide in 25 nil. of water was added
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slowly with swirling to 705 mg. of tlie dialdehyde I and 2.96
g. of silver nitrate in 50 ml. of ethanol and 25 ml. of water.
After tlie addition was complete 25 ml. of water was added
and the reaction mixture was allowed to stand overnight.
The mixture then was filtered and the precipitate was washed
with water several times. Ethanol was removed from the
filtrate under reduced pressure, 25 ml. of water was added,
and the filtrate was extracted with three 75-ml. portions of
ether. The vellow aqueous phase was brought to pH 3.5
by the addition of hydrochloric acid. The precipitated
vellow dicarboxylic acid was removed by filtration and dried
under vacuum, giving 606 mg., m.p. 247-249° dec. An ad-
ditional 16 mg. was obtained from the mother liquors. Re-
crystallization of the dicarboxylic acid from ethanol-water
and from methanol-water yielded pure 2~-methyl-2,4,6,8,10-
dodecapentaenedioic acid, m.p. 252.5~253° dec.; AESY my
(e), 211 (8,000), 270 (4,400), 350 (56,000), 364.5 (86,000),
382.5 (81,000).

Anal. Caled. for C3HpOy: C, 66.65; H, 6.02.
C, 66.71; H, 6.03.

2-Methyldodecanedioic Acid from 2-Methyl-2,4,6,8,10-
dodecapentaenedioic Acid."—Hydrogenation of a 72-mng.
sample of 2-methyl-2,4,6,8,10-dodecapentaenedioic acid in
15 ml. of glacial acetic acid over 103 mg. of prereduced
platinim oxide resulted in the absorption of 5 molar equiva-
lents of liydrogen. The catalyst was removed by filtration
and washed witlt acetic acid. Evaporation of the acetic acid
left a colorless oil that crystallized on cooling, yielding 73 mg.
of colorless 2-methyldodecanedioic acid, ntp. 72-74°.
Crystallization from hexane gave the pure dicarboxylic acid,
m.p. 74-75°. A mixed melting point determination with
authentic 2-methyldodecanedioic acid (m.p. 73-74.5°) was
undepressed; m.p. 73.8-75°.

FFound:
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Alkaloids of Ormosia panamensis Benth. and Related Species

By H. A. Lroyp axp E. C. HorNING

RECEIVED AUGUST 22, 1957

Seeds of the Venezuelan tree Ormosia dasycarpa Jacks. were reported in 1919 to contain two alkaloids of unknown struc-

ture, one of which was described as possessing analgesic action.

In an investigation of this problem, it was found that seeds

of Ormosia panamensis Benth. and related species contained a number of alkaloids; three of these, panamine, ormosinine
and ormosanine were oxygen-free bases, and at least two additional oxygen-containing (amide) bases also were preseut.
The major alkaloid, panamine, was found to undergo air oxidation to yield a substance with potent hypotensive properties

in dogs. This material inay be a {-amine oxide.

A substance corresponding to the analgesic alkaloid ormosine was not

found, although there were some similarities between the properties of panamine and those described for ormosine.

In 1919, Hess and Merck! reported that seeds of a
Venezuelan tree of the Leguminosae, Ormosia
dasycarpa Jacks., contained two alkaloids of un-
known structure. The major alkaloid, ormosine,
was obtained as a hydrate CoH3N3-8—-4 H.O, m.p.
85-87°; the other base, ormosinine, m.p. 203-205°,
had the same molecular formula C.H3N3, but it
did not correspond to water-free ormosine. It
was also reported that ormosine had a strong nar-
cotic action resembling that of morphine.

In an investigation of this problem, orniosinine
and several new alkaloids were isolated {roin seeds
of 0. panamensis Benth. (from Cuba aund Panaina)
and O. jamaicensis Urb. (from Jamaica). These
were also present, as indicated by paper chromatog-
raphy, in several other Ormosia species from Cen-
tral and South America.

The alkaloids were isolated by conventional ex-
traction and fractionation procedures. It was

{1) K. Hess and . Merck, Ber., 52, 1976 (1919),

found desirable to remove the wax~lipid compo-
nents from the seeds by hexane extraction before
proceeding with the alkaloid extraction with meth-
anol. The total alkaloid content of the seeds,
amounting usually to 2.5-2.8%,, was extracted
selectively from aqueous (basic) solution with
ether to yield a fraction containing ormiosinine,
two new compounds which have been named ormo-
sanine and panamine, and small quantities of
several additional alkaloids. The remaining or-
ganic base fraction was extracted with chloroforni
and this provided a mixture whose major compo-
nent was panamintie. The coniposition of these frac-
tions and the composition of column effluent frac-
tions resulting from column chromatography sep-
arations were followed by paper chromatography.

Ormosinine was described previously as a color-
less base, m.p. 203-205°, with only a slight solu-
bility in alcohol and ether. The corresponding
material obtained in this work had a higher melt-



