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Surmary

Rayless goldenrod (Aplopappus heterophyllus), 2 toxic plant indigenous

to the southwestern United States, has been found to contain four benzofuran
derivatives, toxol (28-isopropenyl-3S-hydroxy-S-acetyl-2,3-dihydrobenzofuran),
dehydrotremetone (2-isovropenyl-S-acetylbenzofuran), tremetone (25-isopropenyl-
S5-acetyl-2,3-dihydrobenzofuran) and 2,5-diacetylioenzofuran. Dehydrotremetone
and tremctone have also been {ound in white snalkercot, a plant which produces
a similar syndrome in cattle arnd sheep; toxol and 2,5-diacetylbenzofqaran have
not been previously reported. Toxol and dehydrotremctonc were found to be
bacteriostatic,the other benzofuran derivatives have not yet besn tested.

The absolute configuration of toxol wags established by degracation +to
D(+) dimethyltartrate. Toxol and tremetone were interrelated via (-) dihy-
drotremetore. Toxol and tremetore have also been interrelated with rotenone
and methyl D(+) malate.

2,5-Diacetylbenzofuran and cis and trans dihydrotoxol have vesn syn-

thesized. Synthetic cis-dihydrotoxol was identicel in all respects with
-<>
that obtained from natural toxol.

S5a-Androstane-3f, 16¢, 170-triol and 2l-ethylecholesta 3(1Lk}, 22-dien-

3AB-0l have also beeon igolated from royless rmel arrod.  Tne formor has been



no

synthesized.

The following terpenes have been identified in the mlant extract:
d-limonenc, l-carvonc, l-borncol, caryorhyllenc and Triedelene. The follow-
ing oolido have beoen vhown Lo bLe present in the ovlraet:  cuprylic, copric,
lauric, myristic, palmitic and linoleic.

Althoush the plant extract has been shown to be teoxic to sheep, ro
single compound has been found to be responsible for this toxicity at

this time.
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B. Detailed Report
(1) Descrivtion of rescarch accomplished
The Tfollowing deceripbtion off rescarch weconpliched incluldes
the ffour reprinto:

"Poxic Constituents of Rayless Goldenrod, L. H. Zalkow,
W. Burke, G. Cabat and E. A. Grula, J. Med. Chem., 5, 13h2 (1962).

"Constitution of Toxol: A Toxic Constituent of Aplopapous hetero-
vhyllus,"” L. H. Zalkow and N. Burke, Chem. and Tnd., 1962, 292.

"

"The Qccurrence of 5a-Androstane-3f, 160, 17¢-triol in Rayless
Goldenrod,” L. H. Zalkow, N. I. Burke and G. Keen, Tetrahedron
Letters, 1964, 217.

"The Absolute Configurations of Tremetone and Toxol," W. A. Bonner,
M. T. Burke, W. E. Fleck, R. K. Hill, J. A. Joule, B. 3joberg and
L. H. Zalkow, Tetrancdron, 20, 1419 (1964).

And in addition a report of progress wnich has not yet been
published is enclosed.



The Synthesis of cis and trans Dihydrotoxol

L. H. Zalkow und M. Ghosal
Scheools of Chemistry, Georpia Institute of Tochnolopy

1l
Okluanoms State University

Toxol has been shown to possess the absolute configuration depicted

L
O O
5 z2.-OH < /U\
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ad : :o 0
T I il
in I.l We wish to describe here an efficient synthesis of racemic dihydro-

toxol (225—2-isopropyl—3—hydroxy-5—acetyl—?,3—dihydrobenzofuran or 3-hydroxy-
S-acetylcoumaran) and its trans isomer after a number of unsuccessful attempts.

Previous work2 had shown that it was not possible to acetylate at C-5
in 2-isopropyl-3-coumarone, II, and reduction of II gave Z-isopropyl-3-hydroxy-
coumaran, now known on the basis of this work to be the trans isomer, which
on Friedel-Crafts acylation gave 2-isopropyl-5-acetylbenzofuran. Reduction
of 2-icopropylidine-3-coumarone with sodium borohydride also gave trans-2-
isopropyl-3-hydroxycoumaran. Likewise acylation of 2-izooropyl-3-acetoxy-
coumaran gave 2-isopropyl-5-acetylbenzofuran.

When 2-igopropylcoumaran was treated with N-bromosuccinimide, the
bromine entered the aromati® ring;;similarly on reaction with Fenton's re-
agent, the hydroxyl group was found in the aromatic ring.2 No reaction was
observed in the reaction of Z2-igsopropylbrnoofuran with diborarnr and the re-

action of Lhe kelal of 2-isopropyl-G-acebylcoumari with N-breomssuce ininide
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Toxic Constituents of Rayvless Goldenrod!

LT Zankow,r N. Brrwe, G, Casar, ann ED AL Gruna

Department of Chemistry, and Depurtiment of M icrobiology,
Oklahoma State University, Stillicater, Oklahoma

Recerved Jiudy 14, 1962

Bactllus eerens has been foud to he an excellent assay organism in the study
of the toxin isolated from rayless goldenvod. "Cwo compounds which inhibit
the growth of Bacillus cerens have been isolatid from the ernde toxin,. One of
these, dehydrotremetone (2-icopropenyl->-acetyvlbenzofuran) rerently has been
reported Lo occur in white snakeroot, w poisonons plant that produces symptoms
in higher animats gimilar to those produced by rayless goldenrod.  The seeond,
more abundant and more toxic compound, toxol, has not heen reported pre-
viously. Toxol ig shown to be optically wetive 2-isopropenyvi-3-hydroxy-5-
acetyl-2 3-dihydrobenzofuran.

“Vilksickness' or “trembles,” a disease that attacks hoth humans
and animals, has been known iy this conptry sinee colonial times, Tt
was early suspeeted that animals contracted the disease by foraging
o1 a poisonous plant, and that 1 was passed on to humans through
the milk of an wffected eow ¥ White snakeroot (ISupatorinm urticac-

Joliwm) was shown to he the plant responsible for the disease in the

central states.?  Couch,'® after extensive studies, concluded that the
toxin in white snakeroot wus an unsaturated aleohol, tremetal (Che-
0s, straw-yellow o, la]®n — 33.82°), of unknown structure.
Tremetol was found to produce “trembles’ and the other character-
istic symptoms of white snakeroot poizoning in test animals,

In the carly part of this contury o disease of animals and humans
clinteally identical with “milksickness’ appeared in the southwestemn
part of this conmiry, in a vieinity devold of white snakernot. Tt was
eventnally established that couthwestern “milksickness" arose from
ravless goldenrod  (cAplopappus lTeterophylius).  Couel®7 reported
that tremetol was also the toxin present in raviess goldenrad,

(1) Thiz investigation way greneronsly supported Ly the National Tnstirotes of [Tealth
chrough research grant RG-B346.,

{2)  Towhom inquiries shonld be sent.

3 J. I Coucl, Ul s, Departinent Agr, Cire No. 300, November, 1033,

(1) J. 1 Coucli. . Agrie. Research, 36, 517 (1027)

() T . Couvel,, & tm. Chem. Sor., 61, 3617 (1529)

() oD, Marsh, € G Roe, nnd AL Clowson, UL S Depr, e, Badll 1307 (1025),

Ty L Caoneln o Vprees Reseaed 40,610 (14930,
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Dermert and his students fonnd that tremetol was not o pure
compound as reported by Couch but rather a complex mixture,
[Towever, these workers were unable, with the methads available at
that time, to isolate the pure toxin of raviess goldenrod.  Further
é work on these polsonous plants apparently ceased during the next
twentv-vear period. and fortunately “nilksickness” hecame less of a
problem with time for two reasons,  IFirst, farmers were educated
to recognize and cradicate the polzonous plants, and, secoudly, milk
waus congumed on a local Jevel less frequently and went into large datry
pools where toxin-containing milk beeame diluted.  Actually, cattle
eat these poisonous plants only when other forage i= unavailable.?
ccently, Bonner and co-workers™® reported the results of their
reinvestigation of white snakeroot. By the use of modern methods of
chromatography, these workers found that “white snakeroot tre-
metol” could be separated into a number of components. Three
closely related ketones, (remetone, I, dehydrotremetone, II, and
hydroxytremetone, I, proved to he toxic to goldfish, and tremetone,
the most abundant constituent. was suspected of being the aective
toxin in white snakeroot,

CH.CO CH CH,CO cH
Z 2 I 2 2

o ToH SCH,
o CILCO m.p. 87.5 88
(2 -59.6” ;@\—/LF&(;HQ 1
1 HO 0 \CH3
m.p. 70-71°
[a)% 50.7°
1

In June of 1961 we began a reinvestigation of rayless goldenrod, and
isolated “raviess goldenrod tremetol” by a proecdure similar 1o that
reported by the earlier warkers #5% - Owr {irst objective was ta find a
simple, rapid method of assaving the toxie compound(s) present in
the erude toxin (the “rayless goldenrod tremetol” of Couch).  Since
we wished to test the many {ractions obtained from o chromatographic
separation, a bacteriological test seemed most appropriate. After a
rather detailed study, deseribed in the next seetion, Baeillus cereus

() C. A Lathrop, Muaster’s Thesis, Okluhome State University, “Isolation and Fraction-
ation of Urenietol from Raviess Goldenrod,™ 19530,

(9 I Cleverdon, AMaster's Thesis, Oklahoma State University, “The Chenieal Constit-
wents of Rayless CGoldenrod,™ 19349,

(1) W A Bonper, ] {00 Graw, UM Bowen, nnd V. R Shah, Teleakedeor Letters, 12,
A ESHUIEN
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was selected as the test organism, and all toxicities reported in this
paper refer to inhibition of growth of this organism using the solid
agar assay method.

Our next objeetive was to determine whether the toxic constituents
in rayless goldenrod were identical with those from white snakeroot.
In order to do this we attempted to use the partition chromatographic
separation used by Bomner,' el al.  Our erude toxin was found to be
only partially soluble (65%) in the mobile phase (ligroin). This por-
tion was found to be toxic wherecas the fraction insoluble in ligroin
was non-toxic, Chromatography on Celite according to the procedure
of Bonner, et al.1? gave a rapidly cluted toxie fraction which after
purification was found to he identical in all respeets with dehydro-
tremetone (I1). A second more polar toxic fraction was eluted only
very slowly from the column.  When the ligroin soluble oil was chro-
matographed on alumina (adsorption chromatography) two distinet
toxie fractions were obtained.  The less polar one again was identified
as dehydrotremetone, whereas the more polar toxie component,
toxol, obtained as a viscous dark vellow oil, appeared to be a now
compouud., Several other unidentified but non-toxie cormpounds
also were obtained from the chromatography., Toxol could be ob-
tained as a pure substauce only after repeated chromatography on
alumina, with subsequent preparative thin layer chromatography on
silica gel. However, a more efficient means for obtaining pure toxol
in good yield was found by chromatographing the erude toxin on
lorisil.  Elution with the mobile phase (ligroin) gave dehydrotre-
metone as the only toxic compound. When the ehromatography
column was cleared with methanol, the highly toxic fraction obtained
was found to contain toxol. Toxol was obtained as a colorless vis-
cous liquid by a further partition chromatography- on Florisil, then
an adsorption chromatography on alumina and finalty distillation at
reduced pressure.  On standing, toxol erystallized in needles. The
vield of pure ervstalline toxol starting from the erude toxin (tremetol
nf the carlier workers) was 109,

Toxo! (Ci3l11,04) is {someric with hydroxytremetone, IT1, isolated
by Bonner,® ez al. from white snakeroat,  Strueture TV is suggested
for toxel on the basis of the experimental evidence.  The infrared
speetrum of toxol shows the presencee of an OIT group (2.96 4), and
the prescnce of a conjugated carbonyl group (5.95 ). The bhands
at 6.05 g and 6.21 g (shoulder al 6.26 u) indicated that toxol is aro-

(11Y Professor Bonner was kind enough to supply un with detaily of their work prior to pub.
lication,

(12)  J. 1, DeGraw, Jr., PhoD. Divsertation, Stanford University, " Neotra!l Constituenis of
the White Snakeroot Plant."” 1961,
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CH3CO
? z | OP}CH: m.p. 62 53~
N P C 27 9517

O ep,
v

matic and contains an isolated double bond.  The ultraviolet spec-
trum of toxol (Apax 223 my, log £ 1020 N 273 myp, log I 4.13,
ethanol) was similar to that reported® for tremetone (7). Toxol
readily gives a monoacetate (Cis115604), and the nuclear magnetic
resonance spectra of toxol and its acetate clearly show that toxol
contains a secondary hydroxyl group by the characteristic downfield
shiflt (~ 100 cps.) of one proton in going from the alcohol to its ace-
tate.’  The proton showing this =hift is attached 1o the carbon atom
containing the hydroxyl group. This proton appears as a doublet
(J ~ 3 eps.) centered at § 5,93 in the acetate, indicating that it is
flanked hy only one adjacent proton.

Both toxol and its acetate give iodoform on treatment with sodium
hypoiodite, indicating the presence of & methyl ketone.  This was
confirmed by the nom.r. speetra of toxol and its acetate.  Toxol also
readily forms a 24-dinitrophenvlhydrazone (Cisl1zNyQs, m.p. 176~
177°).

ITydrogenation of toxol using palladium or platinum catalvsts re-
sulted in hydrogenolvsis and gave inconclusive results, whereas the use
ol a 5% rhodinm on alutina eatalyst ledh to 2 uptake of one mole of
livdrogen per mole of toxol, und the infrared specetrum of the product
showed that the hydroxyl and carbonyl groups were retained.  Ozo-
nolvsis of toxol gave a 389 yicld of formaldehyde isolated as the di-
methone derivative.  The mirared speetrum of the larger fragment
{rom the ozonolysis showed a conjugated carbonyl band (5.94 ) and
an unconjugated carbonyl band (5.80 w). No aldchyde C-H band
appeared to be present in the spectrum,

The postlions of substitution on the aromatic ring were shown by
oxidation of toxol with dilute permanganate 1o S-ucetvlsalicylie acid
and by the nar. speetra of toxel and its acetate which showed two
adjacent aromatic protons and a further single aromatie proton at
lightly higher field.

During thiz study 1t was observed that acids readily converted
hoth toxol (IV) and dehydrotremetone (IT) into the same substance.
However, the structure of this new substauce hras not been elucidated.
Foven so weak an aeid as lodine canverted toxol to this new substianee,

(13) L. M. Zulkow, g Eisenbrann, and J. N sShoolery, S OQry. Chem,, 26, 981 (1861
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hut in addition a very small amonni of dehydrotremetone also was
isolated from this reaction,

Dehydrotremetone was degraded (o 2,5-diacctylbenzoluran hy
treatment with a lmited amount of osmium tetroxide followed hy
lead tetracetate,  2,5-Diacetyibenzofuran was also obtained from
hoth toxol and toxol acetate by ozonolysis followed by pyrolysis.

Toxol apparently does not oceur in white snakeroot%:*? and sinee it
oceurs to g large extent in rayless goldenrod and is more toxie than
dehydrotremetone (sec experimental), it probably is the active toxin
of the plant.  The toxicity of toxol o sheep will be tested.,

Bacteriological Testing

Seventeen bacterial cultures were selected at random from a stock
collection for initial screening with the ernde toxin and included both
Gram-positive and Gram-negative bacteria of several genera having
different nutritional requirements and metabolic activities.  All cells
were grown on nutrient agar slants for 20 hr. at 30°.  Organisms were
agitated and washed from the slants with sterile physiological saline
and one drop of this solution added (o sterile tubes of nutrient broth.
After mixing, two drops of erude toxin were added, the cultures shaken
again, and incubated at 30° on a reciprocating shaker. Control
cultures containing no toxin were moculated simultaneously. Pres-
ence or absence of growth was observed visually after 19 hr. of incuba-
tion and the results are given in Table 1.

When incubation was continued to 66 hr. the three organisms
Staphylococcus albus, Streplococeus tactis, and Sarcina lutea were still
unable to grow. Sinec the crude toxin showed only slight solubility
in the nutrient broth, organisms shown to be susceptible in the liguid
assay were further screened using the following procedure.  Organisms
were grown and washed from slants as deseribed above and a few
drops of the given culture then was added aseptically to tubes of
nutrient agar cooled to 50°.  After mixing, the melted and seeded
agar was aseptically poured into a petri dish and the agar allowed to
solidify at room temperature. The crude toxin dissolved in ethyl
cther was then deposited in a small area (aboul 7 mm. diameter) on
strips of Whatman No. 1 chromatography paper and the solvent
evaporated under o stream of warm air.  The strips of paper then
were overlaid on the seeded agar and allowed to remain during sub-
sequent incubation at 30°.  Toxicity was determined by removing the
paper and observing the growth inhibition in the area where the
eride toxin had heen in contact with the organism,  Responses were
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Taprw I
Anminacrenrian Acriviry oF Crupe Toxin

Iulibition (=) or growth (-})
Test orgunism after 19 hr. incubation

Streptococcus lactis

Fscherichia colt B -+
Bactllus cerens -
Aerobacter cloaceae -+
Bacillus sublilis —
Chromobacterium violaeoon —
Frwinin caratovora -+
Pseudomonas aeruginosn -+
Selmonella gullinerion -+
AMealiyeres favenlis S
Corynchacteriwia hougii -
Aerobacter acrogenes -
Mierococcus lysodeillicus -+
Proteus vulyaris +

Sarcing lutea
Serralia marcescens +
Stuphylococcus albus —

recorded at 19 and 43 hr, Using this procedure, three of the organ-
isms exhibited exeellent growth inhibition (B. cereus, Staph. albus
and Coryneb, hoagit),  B. sublilis, Strep. laclis and Chromo. violaceum
were less susceptible whereas S. {itee was resistant.  Although three
organisms were inhibited by the erude toxin both in the liguid and
solid agar assay, B. cerews was chosen as assay organism.  This choice
was based on hardiness and case of cullivation,  Furthersfudies have
revealed that the erude toxin is bacteriostatic for I, cereus.

Pure toxol could he identificd readily by a combination of paper
chromatography and microbinlogical assay.  Chromatography on
Whatman No. 1 paper using the solvent system methanol-isopropyl
aleohol-055% cthanol (85:10:5) gave a single spot at K, 0.81 which
exhibited quenehing of nltraviolet light (Waods lamp, 2537 A). In
acdddition, quenching arcas and inbibition zones on plates of B. cercus
coincided exaectly.  Under the same conditions toxol acetate gave
I, 0.84; dehydrotremetone gave 2, 0.60 hut with extensive trailing.
Toxol acetate quenched ultraviolet Iight similarly to toxol (blue-
black color) whereas dehydrotremetone showed a brownish color.
Tt was found that 200 g, of cacl of the three compounds mentioned
above deposited inan area of about 7 mm. on Whaiman No. 1 paper
was sufficient to inhibit growth of £, cereus; growtin inhibition became
mereasingly obvions with inereasing eoncentrations.  Because of the
Tow water solubility of the three compounds, growth Inhibition was
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restrieted to the arca of compound deposition, with little diffusion of
the toxic compounds through the water base of the medium.  Judging
from the completeness of growth inhibition, toxol is more toxic than
either toxol acetate or dehyvdrotremetone at equal coneentrations.

Experimental

Melting points were talken on o Fisher-Johns apparatus and are uncorrected.
Analyses were performed by Dr. A. Bernhardt (Miilheim, Germany).  Infrared
spectra were recorded on a Beckman IR-5 spectrophotometer.  The n.m.r. spectra
were run in carbon tetrachloride using tetramethyvlsilane as an internal standard
(6 = 0) using the Varian A-60 NMR spectrometer.,

Isolation of ‘‘Tremetol.” —Rayless goldenrod was colleeted while in full bloom
(August, 1960 and 1961) just east of Roswell, Now Mexico, on U, 8, Highway 70.
The plant was allowed to air dry and just prior to extraction the entire plant (ex-
cept for roots) was ground in a Wiley milt with a 20-mesh screen.  The ground
meal was continuously extracted with methanoel in a large Soxhlet extractor. In
a typical run 2.5 kg, of plant was extracted for 75 hr. with approximately 12 1.
of methanol.  After standing at 4° overnight the preeipitated waxes were re-
moved from the extract by filtration through glass wool and the methunol solu-
tion concentrated on the steam hath with a water aspirator to give ahout 0.5 1.
of viscous, dark green residue.  This residue, after washing several times with
warm water, was dissolved in hot 509 aqueous ethanol (1.5 1.) and the solution
filtered while hot. To the filtrate wag added 105 g. of potassium hydroxide and
0.5 L. of cthanol and the solution refluxed for § hr.  Later it was found that the
above procedure, which is essentially the same as that used hy earlier workers, 58
could be shortened (giving the same results) by simply adding methanolic potas~
sium hydroxide directly to the extract to give about 1 L of a 5% potas-
sium hydroxide solution and then heating as above. The alkaline solution after
cooling was filtered and concentrated under reduced pressure (water aspirator)
to a viscous gum which was partitioned between water and ethyl ether. The
ether layer after drying over sodium sulfate was concentrated under reduced
pressure to give 15 g. of a viscous red oil—the “tremetol” of the earlier workers.

Isolation of Dehydrotremetone. Partition Chromatography on Celite.!2—
Ligroin (20 ml., b.p. 60-75%) saturated with 95% methanol, the mobile phase,
was added to 8.5 g, of “tremnetol.”  The mobile phase soluble portion of “trem-
ctol”” (5.4 g.) in ligroin, was added to a column of Celite prepared by intimately
mixing 200 ml. of 959, methanol saturated with ligroin, the stationary phase, with
200 g. of Celite (Johns-Manville). The eohimn was eluted continuously with
the mobile plhase.  The first 350 ml. of eluent removed 2 g. of non-toxic material
from the column, The next 450 ml. of elnent gave 2.2 g. of a4 mixture of a viscous
ail and_golid,  The solid proved to be toxic and was found to be identieal in
melting point and infrared and ultraviclet spectra with that reported for dehydro-
tremetone. 32 The next liter of cluent removed only a pegligible amount of
material from the column hut toxicity tests slowed that a new toxic compound
was being eluted very slowly froin the column,

Adsorption Chromatography on Alumina.—The ligroin soluble fraction of
tremetol (30 g.}) was chromatographed on a eolumn of alumina (508 g., Merck
arid-washed),  Denzene (1500 mb) eJuted 5.4 g, of noviseous oil eontaining o white
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solid.  The solid was found Lo be toxic and again was identified as dehydrotreme-
tone. Another 8.5 g. of non-toxic liquid and solids was cluted with benzene—ether
and ether (total 2 1), A second toxic fraction (4.2 g, of viscous orange oil)
was eluted with 2-69% methanol in ether. Higher concentrations of methanol in
ether continued to clute material from the calnmn but none of these {ractions was
toxic. Rechromatography of the second toxic fraction on alumina removed the
vellow color and gave a viscous, colorless oil as the toxie component.  Ilowever,
gas chromatography of this oil using a (1.3 em., 1.67 m., 5% SE-30 on Chromosorb
W eolumn at 190° showed two major peuls at retention times of 0.75 and 7.0
min., respectively. Thin layer ehiromatography on silica gel G (250 u) using
chloroform-methanol (95:5) and spraying with methanolic 2,4-dinitrophenyl-
hydrazine solution showed one major sput (72f .73) and several sialler spots.
Similar results were obtained by spraying with 5%, nitric acid in snlfurte acid.
3y using repested preparative thin layer chromatography (siliea gel G, 500 u)
tlie pure toxie compound, toxol (properties deseribed in the next section), was
obtained. FHowever, a more efficient, rapid mcans of obtaining toxol is given.

Isolation and Properties of Toxol.—Florisil (300 g., Floridin Company) was
poured into a chromatography colump containing the stationary phase (95%
methanol saturated with Hgroin).  After standing overnight, the excess stationary
phase was withdrawn and the columu rinsed several times with the mobile phase
(ligroin). Tremetol (20 g.) was added direetly to the top of the column and elu-
tion continued until no further material was cluted.  Approximately 809, of the
material introduced on the eolumn was cluted but dehyvdrotremetone was the
only toxic compound obtained. The colinnn was then cleaned with stationary
phase and the material thus removed proved to be quite toxic. The material
removed from the column was rechiromatographed on Tlorisil as follows. In a
typical run 16 g. of the oil was placed on a column prepared by intimately mixing
185 ml. of stationary phase with 300 g. of Florigil, The first 2.5 1. of mobile
phase eluted no toxie material and then toxol was cluted in the next 3.5 1. as a pale
yellow viseous liquid.  Toxol wag further puriicd by ehromatography on neutral
alumina where it was eluted in 1:1 cther—ehloroform, and finally it was distilled
at 110° (0.05 mm.). The toxol thus obtained erystallized on standing and was
recrystallized from ether-ligroin, m.p. 52-53°. Pure crystalline toxol was ob-
tained in a 109, yield from “tremetol.”

Anal. Caled. for C;HOs: C, 71.54; 1L, 6,47, Found: C, 71.64; H, 6.51.
[a]¥ — 25.1(c0.44, methanol).

Treatment of toxol in 109 sodium hydroxide, with a sclution of 1 g. of lodine
and 2 g. of potassium iodide in 10 ml. of water, gave an immediate precipitate of
iodoform identificd by melting point and mixed melting point with an authentic
sample.

ITydrogenation of toxol (534 myg.) in abgolute ethanol at atmospherie pressure
using o 59, rhodium on aluining catalyst (62 mg.) ecased with tho ahsorption of
1 M- cquivalent of hydrogen.  Removal of the eatalyst and solvent gave dihy-
drotoxol (412 mg.) as a viseous oil, the infared speetrum of whieh no longer con-
tained the C==C band at .05 x. Dihydrotoxol readily gave a 2,4-dinitropheny!-
hydrazone with an acidic methanolic solution of the reagent which after chroma-
tograpby ou acld-washed alumina and reerystallization from benzene-ligroin
melted at 215-216°. The analysis of the dinitrophenythydrazone indierted that
I mole of water was Jost inita formution. This g consistent with the shacryation
{gee below ) that taxol alyn loges water when treated with aeids,
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Anal, Caled. for CoILiN.Os: C, 59.67; 11,5.03. Found: C,59.76; H,5.35.

A stream of approximately 3%, ozone in oxygen was passed into a solution con-
taining 294 meg. of toxol in 5 ml. of methylene chloride at —70° for 5 br.  The
solution after warming (o room temperature, was added to water containing zine
dust, stirred for several hr.,, the water layer separated and the methylenc eliloride
layer further extracted with water., The combined water Liyers were added to a
saturated solution of dimethone in methunol, from which the dimethone derivative
of formaldehyde precipitated in 389, yield. The derivative was identieal (m.p.
and mixture m.p.) with an authentie sample.,

Preparation of Toxol Acetate and Toxol Dinitrophenylhydrazone.—Toxol
neetate was prepared by dissolving 100 myg. of toxol in 10 ml. of pyridine, adding
2 ml. of acetic anhydride and refluxing the solution overnight.  The solution
then was poured into water, and extracted with ether.  After washing with water
and 5% hydrochloric acid, the ether layer was dried over sodium sulfate and then
concentrated to give a viscous yellow oil. Distillation of the oil gave the acetate
as a colorless oil, b.p. T0-75° (0.05 mn.); infrared spectrum, Nnax 5.75, 5.95, 6.21 u.

Anal,  Caled. for CilliQy: C, 69.17; H, 6.19; O, 2434, Found: C, 69.41;
H, 6.47; O, 2041,

The 2,4-dinitrophenythydrazone of toxol was prepared by adding 50 mg. of
toxel to 3 nl. of a solution prepared by dissolving 3 g. of 2,4-dinitrophenylhy-
drazine in 270 ml, of methanol and 30 ml. of coned. hydrochlorie acid.  The pre-
cipitated derivative was chromatographed on neutral alumina and was recrvstal-
lized from cthanol-water to mop. 176-177°. The infrarcd speetrum showed no
carbonyl hand.

Anal, Caled. for CisllsNiQs: C, 57.29; H, 4.55; N, 14.07. Tound: C,
57.14; H, 4.75; N, 13.75.

Degradation of Toxol to 5-Acetylsalieytic Acid.—To a solution of 180 mg. of
toxol in 10 ml. of aectone was added 50 ml. of o 5%, potassiun permanganate
solution.,  After heating on the steam bath for 30 min., 100 ml. of 5% hydrocllorie
actd and then an agqueons sodium bisulfite solution was added until the reaction
solution was colorless.  Acctone was removed by distitlation and the residuc
extrarted with ether.  After drying over anhydrous sodium sulfate, evaporation
of the ether gave 74 mg. (65%) of S-ucetylsalievlie acid {in.p. 200-210°) identificd
by np. and infrared spectral comparisons with s authentic sample.  Treatment
of the S-acetylaalieylie acid obtained from toxol with sodium bypoiodite gave
todoform and 4-hydroxyisophthalie aeid (m.p. found, 304-307°; reported 306°
and 310°).  Chrowminm trioxide in acetic neid likewise oxidized toxol to d-acetyl-
salieylie aeid, whereas chromium trioxide in payridine at room temperature had
no effect.

Treatment of Toxel and Dehydrotremetone with Acid.—Hydrochlorie acid
(5%, 10 ml) was added to a solution containing 216 meg. of toxol in 10 ml. of
dioxane and the mixture refluxed for 24 hr. Dilntion with water, extraction with
ether and the usual work-up gave 213 g, of a vellow oil, which after distillation
hop. 100° {0.05 mum.) solidified. Reervstallization from cther -petroleunm ether
gave m.p. 105-108° Anax. 5.95 g (very sinilar to infrared spectrum of dehydro-
tremetone); mixtnre m.p, with dehydrotremetone was depressed.  This same
rearcangement produet wag obtained by treatment of toxol or dehydrotremetone
with weetie acid containing a few drops of sulluric aeid

Anal, Caled. fur CuplT,001 /610 0 785385 11 G2 0, 1706, Found:

LT T 5.9 O 1684

1
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Alumina chromatography of the crude product obtained by treating toxol,
at its melting point, with o crystal of iodine gave a small amount of dehydrotre-
metone in the benzene fraction but the major produet, eluted with chloroform,
was the rearrangement product mentioned ubove,

2,5-Diacetylbenzofuran from Dehydroiremetone.—A solution of 767 mg. of
dehydrotremetone in 15 ml. of dioxane cortaining 6 drops of pyridine was added
to a solution of 1.0 g. of osminm tetroxide in 15 ml. of dioxane.  After standing
in the dark for 12 days hydrogen sulfide was passed thirongh the solution for 1 hr.
and the solution filtered.  The precipitate was washed with hot ethyl aectate
ad the combined filtrates were eoncentrated,  The residne was then taken up
in 25 ml. of acetic acid to which 1.5 g. of lead tetraacetate was added.  After
standing overnight, the solution was diluted with 200 mi. of water, and then neu-
tralized with sodinm bicarhonate aud finally extracted with ether. The ether
layer was extracted with 577, potassium hyvdroxide to remove pbenolic material
and after drying over sodium sulfate was evaporated to give 251 g, (35%) of 2,5-
dinectylbenzofuran which after reeryvatallization from methanol-water had m.p.
139-140°,

Anal. Cualed. for CoallyUs: G, 75.27; H, 98, Tound: C, 71.10; 1L, 5.03.

The n.au.r, speetrum of the previvnsly unreparted 2,5-discetylhenzofuran was
very simple,  The four aromatic protons appeared in the region 430 to 500 c.p.s.
dawnfield from tetramethyvlsilane and the protons of the two acety] groups ap-
peared as two peaks (total of 6 protong) at § 2.62 and § 2.65. For comparison,
D-neetylbenzofuran was prepared by w known proredure’ and its. noour. curve
riun,  This curve was very shtlar to the one wentioned above. Besides the
aromatic protons (5) at low field o single sharp line (3 protonsg) at 8 2.50 was pres-
ent due to the protons of the 2-acetyl group.

2,5-Diacetylbenzofuran from Toxol.—Ozonc was passed through a solution
containing 400 mg. of toxol i 20 ml. of methylens elidoride at —70° until the soht-
tion turped blue. This solution then was poured into 15 mi. of acelic aeid to
which was added 3 g. of zine.  Afer stirring for 2 hr. the solution was diluted
with 100 ml. of water anl the aqueots solution extracted with cther.  The ether
solution was washed with 595 sodium carbonate, dried over sodinm sulfate and
evaporated to give 320 me. of a yvellow ol Disfillation at 140° {0.04 mm.)
resulted in dehvdration and gave 2,5-dincetylbenzofuran (m.p. 139-140°) iden-
tiealin al respeets with that obtained from dehydrotremetone.

Aselution of 273 mig, of toxal acetate in 40 ml, dry tetrahiydrofuran was ozonized
at =707 for 6 hr.  The solution was dilnted with 50 ml. of water and stirred for
1 hir, after which it was extracted with ether.  After drying, the combined ether
extracts were evaporated and thie residue was hieated to 210° at reduced pressure.
Reerystallization of this produet from methanol-water again gave diacetylbenzo-
furan (m.p. 139-140°),

Acknowledgments.—We wish (o express our appreciation to Dr.
07 C. Dermer for fivst hringing this problemn to our atiention, and
to Mr. J. P. Sherle for plant collecting and preliminary experimental
work.,  We thank Sister M. Roger Brennan for running the nom.r.
spertra and Far numerous helpful disevssions.
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Constitution of Toxol: A Toxic Constituent of Aplopappus heterophyllus

By L. H. Zalkow and N. Burke

Department of Chemistry, Oklalioma State University, Stilhvater, Oklaftoma, U.S.A.

Aplopappus  heterophylius (rayless goldenrod) a
plant indigenous to the Southwestern United States.
has been known for many years to be responsible for
“milk sickness” in higher animals and humans.! 3
Previous work established that the saponified methanol
plant extract was toxic, but the constitution of the
toxic principle was not determined.

Using repeated adsorption and partition chromato-
graphy and following the separation with a bacterial
assay (Bacillus cereus), two toxic compounds have
been isolated from the saponified methanol extract.
The less toxic compound was identified as 2-isopro-
penyl-5-acctylbenzoluran (dehydrotremetone).,  This
compound has recently been found to be present in
Eupatorium urticaefolinom,® a plant which appears to
be identical to Aplopappus heterophylius in its effects
on higher animals.  The second and more toxic
constituent, toxol, has not been previously reported,
and has been found to have the constitution (I).

ﬁ

Me——C H
--=0H
) CH
o \c/ ?

Me
(1

Toxol, (C 1 403)m.p.52-53 7, []i7-25-1%(¢.,0-44 in
MecOH), 2R 2-96, 595, 6-05, 6211, ... 223 mu
(log £ 4:02), 273 mu (log ¢ 4-13) readily formed an
oily acetate and a crystalline 2,4-dinitrophenylhydra-
zone, m.p. 176-177 .

In the presence of 5%, rhodium on alumina, toxol
absorbed one mole of hydrogen to give the dihvdro-
derivative, which lost a mole ol water in the formation
of its 2 4-dinitrophenylhydrazone. Oxidation of
toxol with potassium permanganate in acctone gave
S-acetylsalicylic acid (65%,). Ozonolysis in methylene
chloride at -70° gave formaldehyde (38%;) and 2,5-
diacetylbenzofuran (86°4). This product results from
ozonolysis followed by dehydration.  An authentic
sample of 2,5-diacetylbenzofuran was prepared from
2-isopropenyl-5-acetylbenzofuran(dehydrotremetone),
isolated from the plant, by treatment with one molar
equivalent of osmium tetroxide followed by cleavage
of the resulting diol with lead tetracetate.

Treatment of toxol at its melting point with a
crystal of iodine guve @ small :11201111( of dehydrotre-

PRINTITY BY RICHARD MADITY 1D

metone and an unidentified product resulting from
rearrangement. This latter product could also be
obtained from dehydrotremetone in the presence of
acids. The nuclear magnetic resonance spectra of
toxol and its acetate showed that toxol contained a
sccondary hydroxyl group; this was evident by the
characteristic downfield shift (~100 c.p.s.) of one
proton in going from the alcohol to its acetate.6

The absolute configuration of toxol was determined
by ils degradation to d-dimethyltartrate of known
absolute configuration.”7.8  Ozonolysis in acetic acid
at room temperature for 30 hours gave a keto-acid
which was esterified with diazomethanc. This material
was then treated with an alkaline iodine solution;
esterification of the resulting product followed by
chromatography on silica gel gave d-dimethyltartrate
which gave a plain negative rotatory dispersion
curve?® (dioxan, c., 0-056), [«] 589 mp -+ 15:59° [«]
450myu 4 8-66° [«] 400mu -8-66°, [2] 260mu. -806°7)
as previously described.’® The configuration at C(2)
in toxol is therefore the same as at C(51), the corres-
ponding centre, in rotenone.!1.12

We thank Dr. O. C. Dermer for first bringing this
problem to our attention, Dr. E. A. Grula for the
bacteriological assay, Dr. P. Crabbé, for rotatory
dispersion measurements, and the National Institutes
of Health for a grant (RG-8346).
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THE OCCURRENCE OF 50-ANDROSTANE-3f,16a,170-TRIOL IN "RAYLESS

The naturally occurring male hormones or androgens have been

GOLDENROD" (APLOPAPPUS HETEROPHYLLUS BLAKE)

L. H. Zalkow, N. I. Burke and (in part) G. Keen

Department of Chemistry, Oklahoma State Unlversity
Stillwater, Oklahoma

{Received 20 November 1963)

isolated from urine and from testlicular extracts and are based
on the androstane skeleton I {1). We wish to report here the

RC:!

R2
e :
‘ CHa-C ~OH
CHp
%
‘ 0"

@]

rY CHG
1 R1=R2=R3=H 111
II R1=B-OH, R2=R°=a-OH

rather surprising occurrence of 5a-androstane-3g,16a,l17a-triol,
II, in the plant "rayless goldenrod." '"Rayless goldenrod",
indigenous tc the southwestern Unlted States, has been known for
many years to be responsible for a dlsease of higher anlimals known

as "trembles" or "milksickness" (2,3,4). Recent work has led to

the 1solatlon and structure elucldation of a dlhydrobenzofuran
III, toxol, from the crude plant toxlin (5,6). Although toxol was
found to inhlblt the growth of several bacterla, 1t has not been
shown to be responsalble for the plant’s toxliclity to hlgher

animala.
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The sterol II was isolated as follows. Saponification of
the methanollc extract of the whole driled plant { 10% of welght of
plant) with 5% potasslum hydroxlde gave the non-saponifiable crude

toxin ("tremetol", "red-o11") which comprised approximately 1% of

the plant. After steam distlillatlion the residual crude toxin was
separated Intc a ketone fraction (25%) and a non-ketone fraction
(65%) by the use of Girard’s T reagent. Chromatography of the non-
ketone frachtion on alumina gave II (CygH220as, m.p. 288° with

previous melting at 265°,[la] - 16.5° CHClg) in 0.2% yleld based

D
on the crude toxin. The 1Infrared spectrum of II showed strong
hydroxyl absorption; unsaturation was not indicated in the infrared

spectrum or by the tetranltromethane test.

IT readily gave an acetate (CigHsz20s, m.p. 168-169°, [a]D
+ 8.1 CHCls) glving an n.m.r. spectrum that indicated a ratio of
three acetate groups to two bridgehead methyl groups. That II
was an androstane derivative was shown by 1lts conversion to 5a-

androstane, I (R=H) by preparation of the tritosylate followed by

hydrogenolysils with I1ithium aluminum hydride. An authentlc sample
of Sa-androstane was prepared by Huang-Minlon (7) reduction of
sa-androstane-3,17-dlone. The two samples of 5Sc-androstane gave
identical melting polnts {(47-49°) alone and on admixture, and
identlical gas chromatograms (using a 5% SE-3Q column) were obtailned

for each and on admixture. Ruzicka, Prelog and Wieland (8) had

- préviously reported the preparation of Sa-androstane-3p,16a,l17a-

triol (m.p. 265-266°, [al - 19 + 4° CoHsOH) from Sg-androst-16-en-

D
3B-01 and their triol likewise gave a triacetate (m.p. 165°, [aly
+ 10 + 4° CzHsOH). Owing to the discrepancy observed 1n the

melting points of the reported 5S5a-androstane-3p,16a,17a-triol and
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that isolated from “rayless goldenrod®, Ruzicka's synthesis (8) was repeated.
17a-Hydroxy~-5a~androstan-3-one benzoate was hydrogenated and reoxidized to
give 17a-hydroxy-5c-androstan-3-one hexahydrobenzoate {(m.p. 138-139%, [a]D +
25° CHClj; reported (9): m.p. 137.5-138") which on pyrolysis gave 5a-
androst-l6-en-3-one (m.p. 140-141°, [a]D + 35° CHClB; reported (10): m.p.
140-141°, [al, + 38° CHCl,). Reduction of the latter compound with

lithivm aluminum hydride gave 5a-androst-l6-en-3g-ol (m.p. 126-127°, (a]

ot 16.1° CHC1,5 reported (10): m.p. 125-127°, (aly +11.2 ¢ 2.5° CHC1 )
which on treatment with osmium tetroxide gave 5a-androstane-3f,16a,l7a-triol
(LQ]D - 17.1 CH:IB) identical in infrared spectrum and melting point with
that isolated from “rayless goldenred®. It was found that 5a-androstane~
3p,16a,17a-triol exhibits two melting points, one at 265-270° and anothaz

at 280° if the material is allowed to resolidify after first melting.

Huffman and Lott (11) suggested that the product was obtained by
hydroxylation of 5a-andros-16-en-3g-0l with osmium tetroxide was
Sa-androstane~33,168,178-triol since it was not identical with the product
(m.p. 251-253°, [a]D +18%) they obtained on reduction of Butenandt's
triol (12) (androst-5-ene-33,16a, 17a-triol ?)J. This conclusion is most
probably incorrect in view of the recent studles of Brutcher and Bauer
(13) on the conformations of the D rings in steroidal 16,17-cis glycols.
The product of hydroxylation of andros-16-en-3f-ol acetate with osmium
tetroxide was found to possess a D ring half-chain gonformation containing
16a,17a hydroxyl groups. In addition, the closely related estra~1,3,5
(10)-trieme~3, 16a,17a-triol is prepared in an analogous manner from the
corresponding Cl& olefin.



e

L-# 2 =L

220 The occurrence of 5a-androstane-3p,l6a,17a-triol No.4

Sa-Androstane-3p,16a,17a~triol may have been isolated previously by
Butler (14) from “rayless goldenrod® since he reported the presence of an
unidentified sterol of m.p.258 in the residue left after distillation of
the crude toxin. We have isolated a second sterol (C29HABO’ m.p. 152-156,
3, 9 CH313) which appears to be isomeric with =a" spinasterol (15)
from the non-ketone fraction of the crude toxin. "White snakeroot™, a
plant which produces a syndrome in higher animals similar to that produced
by "rayless goldenrcd", contains several benzofurans related to toxol and,
in addition, has been reported to contain two unidentified sterols:

Sterol I (CyoHs 0, mup. 18..5-185.5°, [a]y + 57.2° CHC1,) and sterol II
(Cy)H3,0, m.p- 147-148%, lalp - 32-8 &1, (16).

This is beliaved to be the first report of the isolation of 5a-
androstane-3B,16a,17a-triol trom any natural source and its presence in
the plant kingdom is particularly intriguing because o¢f its close
relationship to the urinary steroils such as Sa-androstane-3a,l6a,178-triol},
5p-androstane-3a,16a,178-tricl and andros-5-ene-3j, 16a,17f~triol.

REFERENCES
{1) L.F. Fieser and M. Fieser, “Sterojds™, Reinhold Publishing Corp.,
New York, 195G.

(2) C.D. Marsh, C.G.Roe and A.B. Clawson, U. S. Dept. Agric. Bull. 1391
(1926)

(3) J.F. Couch, J. Am. Chewm. Soc., Zl, 3617 {1929).
(4) J.F. Couch, J. Agric. Research, 40, 649 {1930).

5) L.H. Zalkow, N. Burke, G. Cabat and E.A.Grula, jJ. . Ph . Chem.
? .__.QE ’
2) 1342 (196-2)-

(6) L.H. Zalkow and N. Burke, Ghem. and Ind. 292 (1963).

(7) l(hang;linlon. J- Am. Chem. $Soc., 68, 2487 {(1946); 71, 3301
1949) . - -




PR

()

(9)
(10)

The occurrence of Sg—androstane-3f8,16q,17q-triel 221

L. Ruzicka, V. Prelog and P. Wieland, Helv. Chim. Acta, 28,
1609 (1945). -

L. Ruzicka and Il. Kirl, Helv. Chim. Acta, 20, 1557 (1937).

V. Prelog, L. Ruzicka and P. Wleland, Helv, Chim. Acta, 27,
3163 (:‘,{]“u ) . el

M. N. Huffman and M. H. Lott, J. Am. Chem. Soc., 71, 719 (1949

A. Butenandt, J. Schmidt-Thome’ and T. Weiss, Ber., 72, 417
(1979} .

F. V. Brutcher, Jr. and W. Pouer, Jr., J. Am. Chem. Soc., 84,

2236 (1962). - =

@

S. 0. Butler, "Fractions of Tremetol and Their Toxlicities",
M. 3. Thesls, Oklahoma State Unilversity, 1945.

Unpublished work, L. H. Zalkow and G. Cabat, Oklahoma State
University.

W. A. Bonner, J. I. DeGraw, G. M, Bowen and V. R. Shah,
Tetrahedron Letters, o, 12, 417 (1961).




¥

3
v

Tetrihedron, 1964, Vol, 20, pp. 141910 1425, Pergamon Press Ltd, Printed in Northern Ircland

THE ABSOLUTE CONFIGURATIONS OF TREMETONE
AND TOXOL!

W. A. Bonner, N. I. Burkg, W. E. FLeck, R. K. HiLL,
J. A, Joure, B. Sioperc and J. H. ZaLkow?

(Received 17 Jannary 1964)

“TREMBLES” in cattle and *““milksickness’ in higher animals and humans are diseases
which have been traced to the consumption by livestock of the white snakeroot plant
(Eupatorium urticaefolium)® of thc middle states and the rayless goldenrod plant
(Aploppapus heteropliyllusy? of the southwestern portions of the United States. In the
late 1920’s Couch®® isolated from these plants a dark tar, “tremetol”, which he
showed to be the toxin responsible for cattle “trembles,” and in 1939 Dermer and his
students®7 found that rayless goldenrod tremetol was not a homogeneous substance
as rcported by Couch, but rather a complex mixture. In 1961 Bonner er af®* re-
investigated white snakeroot tremetol and succeeded in isolating from the crude
toxin three ketones, namely, tremetone, (— )-2-isopropenyi-S-acetyl-2,3-dihydro-
benzofuran (1);  dehydrotremetone, 2-isopropenyl-5-acetylbenzofuran (II) and
hydroxytremetone,(—)-2-isopropenyl-5-acetyl-6-hydroxy-2,3-dihydrobenzofuran (I11).
The structures of these ketones were established by chemical degradations®!? and
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! Presented at the International Symposiunr on the Chemistry of Natural Products Kyoto, Japan,
April (1964).
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were confirmed by the svnthesis of dihydrotremetone (2-isopropyl-5-acetyl-2,3-
dihydrobenzoturan)t and of tremetone itself, both in the racemic' and optically
active' forms. These ketones proved to be toxic to goldiish,>!™ and (--)-tremetone,
the most abundant constituent, showed some insecticidal properties.™ In contrast to
crude white snakeroot!® and rayless goldenrod! tremetol, however, (—)-tremetone
proved non-toxic 1o chickens, and is presumably not the responsible toxin in this
plant.®* More recently Zalkow ef «f.13 have established the presence of both dehydro- .
tremetone (I1) and toxol, (—)-2-isopropenyl-3-hydroxy-5-acetyl-2,3-dihydrobenzo-
furan (1V) in crude rayless-goldenrod tremetol. Toxol was shown'S to be bacteriostatic
towards Bacifius cercus, Staphylococcus albus and Corynebacterium hoagii, but its tox-
ieity towards higher animals has not yet been confirmed. The absolute configurations
of toxol has been established by its conversion vig ozonization, hypoiodite degradation
and esterilication into methyl (--)-tartarate of known absolute configuration.’® We
now wish to present further details of the absolute configurational establishment of
both toxol from rayless goldenrod and tremetone from white snakeroot.

Natural (—)-tremetone (I) has been synthesized {rom (--)-dihydrocoumarilic
acid (V) (Chart 1) by a series of reactions which did not affect the single asymmetric
center in the latter.’® Accordingly, establishment of the absolute configuration of V
was deemed the simplest approach to determining the absolute configuration of L.
(+-)-Dihydrocoumarilic acid (V) was esterified with diazomethane, and the resulting
methyl dihydrocoumarilate was ozonized at 0° in a mixture of acetic acid and ethyl
acetate. The ozonide was decomposed with hydrogen peroxide and the by-product
oxalic acid was removed as its calcium salt. The remaining acidic material was
esterificd with diazomethane and distilled, affording an ester whose 1R speetrum was
almost identieal with that of methyl p-(+)-malate (V1) prepared according to the
procedure of Shoppee and Reiehstein.!” Its specific rotation, [0 4128 (¢, 1-1;
acetone), however, was somewhat higher than that anticipated!® for methyl p-(4)-
malate, and vapor-tiquid partition chromatography reveated the presence of about 5%,
of an extrancous component, both in the present ester product and in that prepared
similarty from malic acid. Chromatography on alumina readily separated the two
compounds, and the fraction eluted with ether proved to be methyl methoxysuccinate.
The purified methyl p-(--)-malate had a specilic rotation of 4-11-5% in good agreement
with the literature.”®  (-)-Dihydrocoumarilic acid itsell afforded methyl p-(+)-
malate on similar ozonization, oxidation and esterification. The overall yield was
somewhat lower, however, presumably because of partial oxidation of the malic acid
intermediate by hydrogen peroxide.’ The conversion of (=-)-dihydrocoumarilic acid
(V) into methyl p-(--)-malate (VI) indieates that the former acid has the absolute
configuration V in Chart 1, in contrast to the previous tentative configurational

I 1. DeGraw, Jr. and W. A, Bonner, Terrahedron 18, 1311 (1962).

21 1, DeGraw, Jr. and W. A. Bouner, Tetrahedron 19, 19 (1963),

3 D. M. Bowen, J. 1. DeGraw, Jr., V. R. Shah and W. A, Bonner, J. Med. Chem. 6, 315 (1963).

W 8. Q. Butler, Fractions of Tremetol and their Toxicities M.S. Thesis, Oklahoma State University .
(1945).

5L, H.efalkow, N, hurkc, G. Cabat and E. A. Grula, J. Med. Pharm, Chem. 5, 1342 (1962).

18 [, H. Zalkow and N, Burke, Chem. & Ind. 292 (1963},

17 C.W. Shoppee and T. Reichstein, Helo. Chin. Acta 25, 1620 (1942),
8 P Walden, Ber, Dtsch. Chen:. Ges. 39, 671 (1906).

YW, L Hateher and WL H, Mueller, Canad. J. Res, 3,291 (1920),
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prediction based on plant physiological tests®® and optical rotatory dispersion.#
Tremetone accordingly has the configuration I shown in Chart 1.
Confirmation of these conclusions was next undertaken by the direct degradation
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of (—)-tremetone (1) itsell. Preliminary ozonization, as app]ied to V above, proved
inapplicable, but the sequence of steps, 1 —» VII — VI -» X — VI in Chart I,
again demonstrated that the single asymmetric center in (—)-tremetone was configu-
ratiomally rclated to that of p-(4-)-malic acid.

The conligurational relationship of the two asymmetric centers in toxol (IV) with

2 A, I'redga and C. V. de Castro y Sarmienlo, Arkiv. Kemi 7, 387 (1954).
*1 B, Sjobery, Arkiv. Kemi 15, 461 (1960).
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those of (- )-tartaric acid (X) has been previously reported in a preliminary communi-
cation.’ The sequence of reactions, involving ozonization of 1V followed by oxidation
with 30%, hydrogen peroxide, is deseribed in detail below. In addition, the configura-
tion ol the C2 asymmetric center of £V (beartng the isopropenyl function) has now
been diveetly refated to the corresponding asymmetrie center in ( -)-tremetone (1),
Althouph the hydrogenation of toxol using palladium or platinum catalysts resulted
in extensive hydrogenolysis and a complex product mixture,!® hydrogenation with the
very selective catalyst, rhedium on alumina, smoothly afforded dihydrotoxol (XI).
Hydrogenolysis of the fatter using 109, palladium on charcoal as catalyst vielded a
sample of (—)-dihydrotremetone (XII) identical with that obtained? by the catalytic
hydrogenation of natural tremetone (1). This series ol interconversions cstablishes the
configurational identity at C2 of toxol and tremetone. and dircctly relates the confi-
guration of the latter ketone with (--)-tartaric acid as well.

Two groups independently have established the configuration at the C-5" asym-
metric center of rotenonce (X11I), by direct interrelations with p-glyceraldehyde®
and L-valine, respectively.  Consequently it appeared feasible to confirm these
assignments of the configuration of tremetone by directly interrelating rotenone
(X11) with (——)-tremetone (I). Vigorous alkaline hydrolysis of rotenone, according
to literature procedures®® gave the degradation product, tubaic acid (XIV), which
was hydrogenated to the known dihydrotubaic acid (XV). Takei and Koide*! have
reported (with no experimental dctails or elementary analyses) the formation of a
tosylate from XV, which we hoped might be reduced using Raney nickel according to
the method of Kenner and Murray.® We were unable, however, to obtain tosylates
from either XV or its methyl ester. An alternative method of dehydroxylating phenols,
namely, the sodium-ammonia reduction of aryl diethyl phosphate esters,* was
similarly precluded by our inability to prepare the requisite phenolic phosphate from
the methyl ester of XV.

Since the adjacent carboxyl group at CS appeared likely to be responsible for the
difficalty in forming phenolic esters of XV, this group was removed by thermal
decarboxylation. The decarboxylation product, dihydrotubanol, readily formed a
crystalline tosylate (XVI), which underwent smooth hydrogenolysis by Rancy nickel
in refluxing cthanol to yield (—)-2-isopropyl-2,3-dihydrobenzofuran (XVIl). The
latter product was readily acctylated by the'mild procedure employing acetic acid and
trilluoroacetic anhydride, 1,252 giving (—)-dehydrotremetone (XI1), m.p. 47-47-5°,
Identity with the levorotatory hydrogenation product from natural (—)-tremetone®
was confirmed by IR spectra of the ketones-and their 2,4-dinitrophenylhydrazones,
and by mixture melting point comparison with these latter derivatives. Since the
asymmetric center at C2 in tubaic acid is unaffected during the series of transformation
(XIV —» XV — XVI — XVI[ - XII) in Chart I, the single C2 asymmetric center in

22 G, Biichi, L. Crombie, P. J. Godin, J. S, Kaltenbronn, K. S. Siddalingaiah and I. A. Whiting,
J. Chem. Soc. 2843 (1961).

* M. Nakazaki and H. Arakawa, Bull. Chemn. Soc., Japan 34, 1246 (1961).

21§ Takei and M. Koide, Ber. Drsch. Chem. Ges. 62, 3030 (1929),

% H. L.WHaller and F. B. LaForge, J. Amer. Chem. Soc. 52, 3207 (1930).

* G, W. Kenner and M. A, Murray, J. Chem. Soc. 178 (1949).

2 (5. W. Kenner and N, R, Williams, J, Chem, Soc. 522 (1955).

B Bourne, M. Stacey, 1. Tatiow and J. Tedder, J. Clhiem. Soc. 718 (1951).

2§ Tedder, Chem. Reo. 85, 787 (1955).
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tremetone, the C-5" center in rotenone and the C2 asymmetric center in toxol may be
assigned the same R-configuration. This conligurational identity suggests the possi-
bility that tremetone, toxol and rotenonc imight have a common biosynthetic
precursor.™

EXPERIMENTAL

Ethyl(-—=)-dilyydrocoumarilate. (4 )-Dihydrocoumariiic acid (V) (450 mg; [«)" +-22-7°, ¢, 2-08,
ethanol) was dissolved in a mixture of anhydrous ethano! (20 mi) and benzenc (30 m) containing a
drop of conc. H,SO,. The mixture was refluxed 1 br while the water was continuously withdrawn,
then cooled and poured into water. The product was extracted with ether and the ether solution
washed with NaHCO, ag, water and then dried. Solvent removal and distillation under vacuum
yiclded 470 mg of levorotatory ester, # 1:5195, [2]} —18-4% (¢, 0-935; hexane) and +0-9° (¢, 0-716,
ethanol).

(4 )-Dihyvdrocoumarilamide. The above cthyI(—)-d’ihydrocoumari{atc (450 mg) was dissolved in
methanol (25 ml) and ammonia was passed through the solution for 5 hrat 0°. After standing in the
refrigerator overnight, the precipitated amide was filtered off and recrystallized from methanol,
yield 360 mg, m.p. 182-183°, [7.]?}’ +58-5” (¢, 0961 ; acctone). (Found: C,66-2; H,545; N, 8-78.
CJI,NO; requires: C, 66255 H, 5:56; N, 8:58%).

Ozonolysis of (- )-diltydrocoumarilic acid (V). The above (4-)-dihydrocoumarilic acid {500 mg)
was dissolved in a mixture of acetic acid (10 ml) and ethyl acetate (10 ml), and the solution was
ozonized for 12 hr at 0”. The ethyl acetate was ¢vaporated under vacuum, 3097 H,0, (3 ml) was
added, and the solution kept at room temp for 12 hr, whercupon water (10 ml) and some Pd-C
catalyst was added, followed by addition of calcium acetate (200 mg). The mixture was filtered and
the filtrate was percolated through a column of Dowex 50 in the hydrogen form. The ion exchange
column was washed with acetic acid-water (1:1, 50 ml) and the combined eflluent was evaporated
under vacuum. The resulting syrup was dissolved in a small amount of methanol and treated with
excess diazomethane in cther. After 2 hr the solution was dried (Na,50,), the solvent evaporated
and the residue distilled under vacuum to yield 340 mg of oil, [x] +12-8” (¢, 1-10, acetone), whose
IR spectrum was identical with that of a sample of methyl malate obtained by treatment of ‘malic
acid with diazomethane in methanol-ether.’” Vapor-liquid partition chromatography of the crude
oil on a polyglycot column (179") showed two peaks for both ester samples (retention time 10-0 and
6-6 min; area 20:1, respectively). The minor product had the same retention time as methyl methoxy-
succinate prepared according to Lardon and Reichstein.®? The crude ester from the ozonolysis was
dissolved in ether and chromatographed on alumina (30 g). The methyl methoxysuccinate component
was eluted with ether and the methyl malate with ether-methanol (1:1). Distillation of the latter
fraction under vacuum gave pure methyl p-(<-)-malate (VI), [«]}) +11-4° (¢, 1-01; acetone).

Ozonolysis of methyl dihydrocoumarilate. (-1 )-Dihydrocoumarilic acid (500 mg, (]2 +-22:7°,
ethanol) was dissolved in ether and treated with excess diazomethane. The cther was evaporated
and the residue was ozonized and processed as described above, with the exception that treatment
with calcium acetate and percolation through the jon exchange column was performed in more
concentrated acctic acid (709), due to different solubility properties. Yacuum distillation afforded
450 mg of the crude methyl p-(++)-malate (VI), [x]}’ 4-13-0° (¢, 1-01; acetone). Chromatography on
alumina gave the pure ester [x]}? -+11-5° (¢, 1-01; acetone). Walden' has reported [x]fy —11-58
{c, 4:23; . acctone) for the cnantiomeric methyl t.-(—)-malate.

(—)-2-(5"-Acetyl-2" 3-dilfiydro-2'-benzofuryl)-1,2-propanediol (VI1). A mixture of slightly impure
{—)-tremctone (I; 4-04 g), silver acetate (7-4 g) and iodine (5-1 g) in acctic acid (200 ml) was shaken
at room temp for 1 br, then treated with water (0-4 ml) in acetic acid (10 ml), heated under reflux
for 30 min, cooled and filtered free of silver salts. The filtrate was evaporated neatly to dryness
(red. press.), the residue dissolved in ether (300 ml), the solution washed (sat. K,COj; aq.), dried over
MgSO0, and filtered, and the filtrate evaporated to dryness. The residue was dissolved in methanol
(400 ml), treated with a solution of KOH (15 g) in water (400 ml) and stirred at 40-50° for 1 hr,

20 8 discussions of the biosynthesis of rotenone, sec H. Grisebach and W. D. Ollis, Experentia 17,
4 (1961); H. Griscbach, in Recent Progress in the Chemisiry of Natural and Synthetic Colonring
Matters (Edited by T, S. Gore, B. 8. Joshi, 8. V. Sunthankar and B. D. Tilak) p. 301. Academic
Press, New York, NUY. (1962),

SUAL Lardon and T, Reichstein, Hele, Cliim, Aeta 32, 2003 (1949),
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whereupon the mixture was concentrated to 400 ml at red. press. and extracted with ether. The
extract was dricd and stripped of solvent to yield 2-80 ¢ of amber oil which crystallized from acetone,
1:80 g (3990), m.p. 125-130". Recrystallization from acetone alforded the pure, colorless diol VII,
m.p. 137-1387, [«]}} - 105% (¢, 1-0; methanel). Tts [R spectrum showed an OH band at 3400 cm~!
and carbonyl band at 1660 em~", (Feund: C, 66:19; H, 691 Cy11,0, requires: C, 66:08; 11,
683 %9).

(- )-2,5-Diacetyl-2 3-dilydrobenzofuran (VII). A mixture of the above dio! VII(1-60 g) and lead
tetraacetate (4-00 g) in benzene (100 ml) and acetic acid (20 ml) was stirred for 1 hr at 25°, then diluted
with ether (200 ml). The mixture was then treated dropwise with stirring (30 min) with sat. K,COj aq,
until gas evolution ceased. The ether layer was separated and the agqueous layer was extracted twice
with ether. The combined ether extracts were dried (MgSQ,), filtered and evaporated, yiclding 1-10
£ (7597 of white solid, m.p. 72-74°. The pure dikctone VI was obtained on recrystallization from
tigroin, m.p. 73-74°, [a]i) — 41° (¢, 1:0; methanol), carbeny! absorption bands at 1720 and 1670
et (Nujol mull), (Found: C, 70:30; H, 577, C\.11,,0Q, requires: C, 70-57; H, 5:9270).

Racemic 2,5-diacetyl-2,3-dihydropyran was also prepared for camparison with the above sample
and to provide starting material for developing the degradative technique described below, A solution
of 2-acetyl-2,3-dihydrobenzofuran (3-2 ¢) and acetic anhydride (4 g) in benzene (30 ml) was cooled
to 0" and treated dropwise with stirring over 10 min with a solution of SnCl, (13 2) in benzene (20 mi).
The purple solution was stirred for 2 hr at 25°, then poured onto ice and extracted with ether. The
extract was shaken for several min with 30 94 KOH aq, then dried, filtered and evaporated to yicld 3-8
¢ of purple oil. This was dissolved in acctone, and the solution decolorized (Norit) and evaporated.
The residue was crystallized with ligroin, giving 3-1 g (76%) of solid, m.p. 77-80°. The product was
recrystalhzed twice by extraction with a Soxhlet extracter into ligroin, The pure racemic diketonc
VI had mip. 81-82" and displayed an IR spectrum (chloroform) identical with that of the above
(~)-isomer. (Found: C,70:61; H, 6:07. C,.H,,0, requires: C, 70-57; H, 5:92%7).

Degradation of (—)-2,5-diveetyl-2 3-dilydrobenzofuran (VIl1). The above levorotatory diketonc
VI (1-0 g) was dissolved in methanol (100 ml) and the solution treated dropwisc at 60° with KOH
(3-0 ) in water (100 ml) which had been saturated with chlorine, maintaining the rcaction mixture
atabout pH 2:0 by occasional addition of a few drops of 207 KOH aq. The mixture was kept at 60°
for 2 min after the addition, then treated with a few drops sat. Na.SQ; aq and finally distilled at red.
press. (40%) to § volume. The residue was extracted with ether (discard), acidified with HClag and
extracted again with ether 4 times. The extract was dried (MgSO,), filtered and evaporated to yield
0:90 g of amber oil which crystallized on rubbing with ether, 0-51 g, m.p, 220-232°, [z]§y —5-2°
(¢, 5:0; methanel). As no suitable solvent for purifying the crude 1X could be found, it was degraded
directly. Thin layer chromalographic examination showed the crude product to consist of one
principal component and 3 minor constituents.

The crude acid (0-50 g) was dissolved in acetic acid (10 m!) and ozonized for 8 hr at room tenp.
The solution was then treated with 309, H,O, (3 ml) and allowed to stand for 12 hr, whereupon it
was treated with 102 Pd-C and water (§ ml) and stirred for 3 hr, after which excess peroxide proved
absent (K1-starch paper). The catalyst was fittered and the filtrate concentrated to 4 volume, then
treatedd with water (10 mi) containing smal! amounts of Ca and Ba acetates. The precipitated salts
were filtered and the filtrate pereotated through anion exchange column (Amberlite IR-120 in the
acid form), which was then washed thoroughly with water (200 mt). The combined eluates were
evaporated to dryness at red. press. and the residoal sirup esterified using diazomethane in ether,
yiclding 0-300 g yellow oil. This was purified chromatogranhically on neutral alumina (377 H,0),
eluting with ¢ther and then ether—methanol (1:1). The latter cluate was evaporated to yield an oil.
This was dissolved in a smalt amount of ether, and the solution dried (MgSO)), filtered and cvaporated
to yield 74 mg methyl p-(4-)-malate (V1), [«]}} +12:1° (¢, 3-2; acetone). Its IR spectrum (neat)
was superimpasable on that of a sample of racemic methyl malate prepared by the action of diazo-
methane on malic acid.

O:zonization of toxol (1V). A stream of oxygen containing ozone (~4 %) was passed through a solution
of toxol ®@1 ¢; m.p. 52-537, [2]}7 —25:1%; ¢, 0-44; methanol) in acctic acid (25 ml) at room temp
for 25 hr. Hydrogen peroxide 3094 (8 ml) was then added and the solution stirred for 18 hr, where-
upon Pd-C was added and stirring continued for an additional 2 hr, After filtration, the acetic acid
was removed by rotary evaporation, and a viscous residue obtained. Oxalic acid was removed from
the residue by sublimation on heating at 907 (0-5 mm) for 12 hr. The remaining residue was
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decolorized by dissolving in water {2 ml) and heating with charcoal, after which filtration and con-
centration allorded 110 mg (4 )-tartaric acid (X). After one reerystallization from water the sample
had mup. 1719 (reported™ 170%), and [#13)7 1 8-40°, (¢, 0-032: water), reported:* [a]f’ -+ 127 (2079
aqucous solution).

The above (- )-tartaric acid was esterified by treatment with ethereal diazomethane, After dis-
tillation, b.p. 657 (1-2 mm), pure methyl { | )-larlarate was obtained, [21] 1 10-81° (¢, 0-021; meth-
anol), reparted #* [=]})® -1 13-82 (methanol). The 1R spectrum of the methyl (4 )-tartarate was
identical with that of an authentic sample of racemic methyl tartarate.

Conversion of toxol (1V) into dilydrotremetone (Xi1). Toxol (0-5 ¢) was hydrogenated at atm.
press. using 50mg 53; Rh-Al cafalyst in 20cc of 959 ethanol. Hydrogen uptake ceased
after the absorption of one molar cquiv. H,. The catalyst was filtered and hydrogenation was
cantinued after the addition of 50 mg 1077 Pd-C catalyst. Again, hydrogen uptake ceased after the
absorption of approximately one molar equiv. H,. After removed of the catalyst by filtration, the
solvent was removed by a rotary evaporation, the residue dissolved in cther, and the solution poured
through a 0-5 cm X 2 em column of acid washed alumina (Merck). Evaporation of the solvent and
distillation of the residue, b.p. 657 (0-04 mm), yiclded 97 mg dibhydrotremetone (X11), [} —437,
(¢, 2:71; ethanol), reported:® [«]3 —47-0% (¢, 1-78; cthanol). The IR spectrum of the dihydro-
tremetone was identical with that of a sample of racemic dihydrotremetone prepared by hydrogenation
ol dehydrotremetone (J1) using a 5%, Rh-Al catalyst.

Tubaic acid (X1V). This was prepared from X111 by the procedure of Haller and LaForge,*
on 5 times the scale reported. The yicld of crude product averaged 6-7 g from 50 g rotenone, Re-
crystallization from aqueous cthanol gave material m.p. 128-129¢ (reported®® m.p. 129,

Atethyl difiydrotubate. Dihydrotubaic acid (XV) was prepared by hydrogenation of XIV in ethyl
acetate over 1094 Pd-C catalyst, m.p. 167-5-168-5% (reported®® nup. 166%). Methyl dihydrotubate
resulted in turn by treatment of XV with ethereal diazomethane. The ester was recrystallized from
ether, m.p. 78-79°, (Found: C, 66:28; H, 6-82. Cy3H,,0, requires: C, 66-08; H, 6:83%).

The ester was soluble in dil. alkali, showed a phenolic hydroxyl band in the IR at 3-17 4, and gave
a deep red color with alcoholic FeCly. Similar unreactivity of the phenolic hydroxyl of tubaic acid
towards diazomethane has been reported.**

Dihydrotubanol p-toluenesulfonate (XV1). A solution of 5-79 g dihydrotubanol®* in pyridine
(20 ml) was treated at 0% with p-toluencsuifonyl ehloride (11-58 g; 2 equivs) in portions, with swirling
until all the chloride had dissolved. After standing 3 days in the refrigerator, the mixture was pourcd
onto ice water and extracted with ether. The cther layer was washed with dil. HCl aq, dried, and
concentrated, aflording the crystalline ester XVI. Recrystallized from 60-70° pet. ether, it showed
m.p. 69-70° and [«}} —25-76° (¢, 1-25; chioroform); 6-65 g (56%4) of recrystallized material was
obtained. (Found: C, 65:01; H, 6-39. C;H,,0,S requires: C, 65-:06: H, 6:025%).

{—)Dihydrotremetone (X11). Freshly prepared Raney nickel catalyst (30 g) was added to a solu-
tion of 7-86 g of the above tosylate XV1in cthanol (250 ml), and the mixture refluxed for 24 hr, then
filtered (Celite) and the filtrate poured into water (2 1.). The solution was extracted 4 times with
250-mi portions of ether, and the extracts washed with water and dil. NaOH aq, then dried and
distilled, yiclding 3-23 g crude XVII, b.p. 216-221°, [«]}} —26'5° {¢, 1'41; chloroform), which was
employed directly below,

A mixture of trifluoroacetic anhydride (6:80 g) and acetic acid (1:94 g) was cooled in ice, while
2:20 g of the above XVII was added dropwise. The resulting purple solution was kept for 4 hr at
room temp, then poured into ice water and neutralized with excess Na,CO,. The solution was steam-
distilled until abaut 1-5 1. of distillate had been collected, and the colorless crystals in the distillate
filtered and dried; yield 156 g, m.p. 44-46°. Another 0-48 ¢ of yellow solid was obtained by ether
extraction of the filtrate, bringing the total yield to 2:04 g {73%). Recrystallization {rom 30-60°
pet. ether, in which the ketone proved quite soluble, gave beautiful, long needles of XH, m.p. 47-47-5°,
[213F - 71-87 (c, 2:56; ethanol), —72:7% (¢, 4-37; CCL,). The IR spectrum was identical with that of
an authentic specimen of XII. Preparation of the 2,4-dinitrophenylhydrazone of the above XIJ,
rccry;iallized from chloroform—-ethanol, gave scarlet necdles, m.p. 184-186° (reported® m.p. 181-
1847). These showed no m.p. depression on admixture with an authentic sample, and IR spectra
(CHCly) of the two specimens were identical.

32 The Merck Index (7th Edition) p. 1012, Merck and Co., Rahway, N.J. (1960).
# C. Weygand, A. Weissbereer and H. Baumgartel, Ber. Discl. Chem. Ges. 65, 698 {(1932).




gave 2—isopropyl—S—acetylbenzofuran.2 Treatment of <he latter comvound
with lead tetraacetate gave 2-(5'-acetyl-2'-benzoluryl-9-propanol.

Other uncuccecstiul approaches Lo toxol or dinydrotcxol invelved mild
oxidation of 2-(%' -acetyl-2' -dihydroberzofuryl)-2-nropsl acetate which gave
S5-acetylsalicylic acld and the synthesis of methyl 3-hydroxy-5S5-acetyl-
coumarilate which, however, could not ve acetylated under any conditions
and hence was not further useful. This unsuccessiul acetylation is partic-
%}arly surprising since 3-hydroxycoumarilate 1s readily acetylated.

In view of the above described work it was felt *hat a worthwhile
approgch would 1nvolve a precursor in which the furan ring was not preformed
and which contained a functional group which could eveninally be converted
into the S5-acetyl group of toxol or dihyarotoxol. Such a compound would be
2-hydroxy-5-bromo-(¢-bromo-p-methyl)butyrophenone, IV. This malerial was

readily prepared from thenol by treatment with isovaleryl chioride to give

R
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R

—

phenyl isovalerate, which was immediately converted into O-hydroxy iso-

r

"11m
valcrophenone {(b.p. 73°/O.h mm; /x filr o1

s 1w C{‘O.96 (A4, doublet,

J=bcrs), 2.76 (2H), €.81-7.77 (:H] by the Fries rearrangement. Bromination
in acetic acid gave IV [m.p. 88.5—90°;/& - 5. 13 p;gp 1.05 (3H, doublet,
J=6cps); 1.29 (3H, doubnlef J=€ cps); 4.83 (1H, doublet, J=9cps); 6.87-7.9
(3H)].

Subptitulion ol a bromine atom ut C-5 was particularly advantapgceous

since 1L made possible the introduction of an seetyl sroup ot this position



under non-zcidic conditions. Tnus, attempts to acetylate V (R=H, tetra-
hydropyranyl or acetyl) lead to recinifications O-hydroxy lsovaleropnenone
could, of course, not be acylated at C-». Reduction of TV with sodium
hydrozide i on aqueous-clhonolic soluwl lon of pouvnsosiyey hyaroxide nve in

b yield Lhe ©-isopropyl-3-hydroxy-Y-bromocoumurar: VI {m.p. 11°-113°

KBr
ma.x

3.99 (1H, guartet, J=9,10 cps); 5.0% (1H, cdoublet, J=5 cps)]. The mother

3.0u; (S* 1.09 (31, doublet, J=( =ps); 1.15 (3H, doublet, J=F cps);

P

n

R OH B"\/\
. O]

0" 0

R=I3r @

Vi
‘Z—LL’[ R= cCo,H
X R=COCH;

liguor remaining after the removal of VI yielded & viscous 211 which was
distilled and identi©ied as 2-iscpropyl-S5-bromobenzofuran, VIT [b.p. 750/
0.075 mm; 6;1.25 (EE, doublet, J=A cps); 2.98 (1H, ceptet): 6.15 (1H);
7.21-7.5 (34)] by the similarity of its NMR spectrum to thai of 2-iso-
propylbenzofuran.

Treatment of VI with butyl l1ithiuwn and then carvon ailoxide zave the

acid VITT [m.p. 196-197";)\fff301 3.01, 5.93 ul. icid VIIT on treatment
1 N
with melhyl lithium pave IX [m.p. 115°; /\ fﬁzvo 5.99. 4.0% g Jo.h? (3H,

doublet, J=6.5 cps); 0.51 (3H, doublet, J=A.5 eps); 1.8% [3H), 3.h4 (1H,

guartet, J=% and 10 cpo); . .51 (1H, doublet, J=5 cpz)l. Product IX was

not identicel with dihydrotoxol preparss irom natural toxol and hence a

trans conflicuration ~un e ansiyned to “he hydroxyl and isorropyl prouns in




-

IX and therefore also in VI and VIII. However, o sligry wrariation in the
experimental conditlons did lead to dihydrotoxol as described below.

When the reduction of 2-hydroxy--bromo-(o-bromo-R-methyl) butyro-
phenone, V, with sodium borohydride wos conducted in ethanol in the absence
ol polacsiwe bydroxid and therr the crude product trented with ethanolic

potassium hydroxide, cis-2-isopropyl-3-hydroxy-S-bromocoumaran, X [m.p.45°%;

najol

S NG 000.88 (6H, doublet, J=F cos); 3.95 (1H, quartet, J=4 and 6

cps); k.65 (1H, doublet, J=k cps)] was obtained in good vield. Alcohol X

®
was acetylated with acetic anhydride and pyridine to give X7 [Db.o. 95°/O.3 s

R -OH By- 2 ocOCHs
0 \‘f 0 (

X R=Br W 2,3 e
Xl K= CozH S0 23 LAt
IV R=COCHSz

film R
)\max 5.79, 8.11 u; 4 0.94 (34, doublet, J=7 cps); 0.99 (3H, doublet,

J=7 cpe); 2.02 (3H); 4.33 (1H, cuartet, J=3 and & cps): .01 (1, doublet,
J=3 cps)]. For comparison purposes VI was converted into its acetate XII

o njol o oLa g . )
[m.p. 90 ;A mzio 5.78, 8.06 13 S 0.97 (3H, douvlet, J=( cps): 1.15 (3K,

doublet, J=6 cps); 1.97 (), 4.0 (1H, guartet, 5=F and 9.5 cps); 4.0l (1H,

doublet, J=6 cps)].

nujol
LA

Componnd ¥ wus convertod into wefa ¥ITT [w.p. lu/.‘-159°;/)\ 3.04,



*5.98 15 S 1.0 (GH, doublet, J=G cps): h.33 (1H, auartet, J=h and & cps);
5.22 (1H, doublet, J=k cps)] with butyl lithium followed by carbon dioxide.
Finally acid XITT was converted into dihydrotoxol XIV [b.p. 86—91°/0.0l mm. ;
/\;ﬂ:im 2.90,0.01,0.22 14 fo.% (€H, doublet, J=6 cpo); 2.3% (3H); k.21 (1K,
cuartet, J=h and 6 ops); H.9T.(1H, doublet, J=b cpc) identical in all recnects
with that obtaincd from natural toxol.g
In the two step conversion of IV into X the carbonyl group is recduced
21 the first step and ring closure occurs in the second step. An examination
of Dreiding models clearly shows that by apolication of Cram's rule3 in the
borohydride reduction of 'IEZ , one would expect to get predominently the

erythro alcohol. Rackside displacement of the bromine atom by the vphenolic

0-H group would then lead to the cis isomer as obzerved. Isolation of the

trans isomer in the borohydride reduction under alkalinc conditions might
occur as follows. It ring closurc precedes reduction in this case, then
reduction of the coumarone could proceds from both steric directions (thermo-

is

(]

dynamic and kinetic control) to give the cis and trans =lcohols. The

alcohol was rnot izolated in this case, but a rather large amount of benzo-
Turan VII wus obtaincd which could conceivably have arizcn by elimination
of water from the cis alcohol (trans OH and H).

A comparison of the MNMR svectra of the two series of cis and trans

dihydrobenzofuran derivatives provides some interesting information. Thus,
the coupling between the C-2 and C-3 protons in the cis serieg is always
smaller (J=3 to 4 cps) than in the trans seriecs (J=% to  cps). This is
exactly oppositce to what ®ould bé expested on the basis of the Karplus

L
cquation assuming a planar furan rirng. Tae furan ring 1=, however, prob-

4

ably not planar and ir the cic isomers vepulsion botween tn~ O-H and



»

isopropyl groups at C-2 and C-3 would result in rotation around the C-C
bond incressing the dihedral anple (between hydrogen atoms) and decreasing

the coupling constants. To avoild eclipcing in the trans isomers rotation

around the C-C bond (0=1T and isopropyl rroups moving awny I'rom ench other)
would resull in o decrease in dihedral angle and an increasce in coupling
constants. Another interesting but yet unexplained observation is the

large up field shift of the isopropyl methyl groups in trans isomer IX.

» Corrcct elcmental analyses were obtalned for all compounds mentioned

in this study.

REFERENCES

1 L. H. Zalkow and N. Burke, Chem. And Ind., 292 (1963).

n

N. I. Burke, Ph.D. Dissertation, (Oklahoma State University,
August 1965.

3. D. J. Cram and F. A. Abd Elhafez, J. Am. Chem. Soc., Th, 5828 (1952).

4. See discussion in N. S. Bhacca and D. H. Williams, “Applications of
NMR Spectroscopy in Organic Chemistry,' Holden-Day, Inec., 1964, po. 49-61.



Tsolation and Synthesis of 2,5-Dizcetylbonzofaran

L. H. Zalkow and C. T. Romming

Tho residue (rom the methanol extract of raylecs geldenrod was
distributed vetween weter and chloroforn.  The chlorotorm soluble residue
was oxtracted with 509 othanol and the 50% ethanol soluule residuc was
extracted with 30% ethanol. The 30% cthanol residue was extracted with
benzene to give a vigcous gum which after chromatography on alumina gave
2,5-diacetylvenzofuran (0.01% based on dried nlant) in the cther-benzene
»
(3:2) eluent.

2,5-Diacetylbenzofuran has been previously repcorted as a de-

2
graodation product of both dehydrotremetone and toxol and was synthesized

2
from synthetic racemic tremetone” by conversion to 2,5-diacetyl-2,3-

L
dihydrobenzofuran as previously descrived feollowed by dehydrogenation

with Pd-C. A number of unsuccessiul synthetic aprnroaches were investi-

(s

1 ; .
gated. The T.R., U.V. and N.M.R. spectra of Z,5-dlacetyvlbernzofuran have

been recorded ard the bLiosynrthesis of this compound nas hecn discucsed.

[
The Fatty Acid and Terpene Constituents of Rayless Goldenrod”

L. H. Zelxow and N. I. Burke
The concentrated methanclic extract of rayless rolderrod was
gaponified and extracted with ether. The 2lkaline agueous solutilon was
acidificd with carbon dioxide to give an cther solutbls Traction which on
treatment with lead acetate gave s solid precipnitate. The solid, on
treatment with hydrogsen vulfidc‘gave stearic acid, while the filtrate
from above, after concentration ard treatment with diazomethane, pmave

compounds identical by g.l.c. witn methvl myristat= and methyl lavrate.



The ether insoluble fraction, from the carbon dioxide trentment was
acidified (pH2) with ag. hydrochloric acid and the rcsulting ether
solnuble material was esterifiied with roron triflucride in methanol or
diuvomethance.  The following coctoers were ddentifiied vy mul.c.: methyl
hexanoate, methyl octanoate, methyl laurate, methyl myrictate and methyl
ralmitate.

Steam distillation of the ether fraction from the alkaline
gaponification of the methanol extract of the plant gave an =ssential
.
0il which on distillation and chromatogranhy on alumira gavs d-limonene,
l-carvone, l-borncol and caryophylene.

The non-volatile regiduce from the steam distillation was separated
into a ketone fraction and 2 non-ketonc fraction. Chromatography of the
ketone fraction gave dehydrotrermetone, toxol and the triterpene friedelin,

while chromatographf of the non-ketone fraction save S¢-androstan-38, 16,

17c-triol and 2h-ethyl-So-cholesta-8(1L), 22-dien-3B-vl.

On the Presence of Pyridine
and Alkalolds In Rayless Goldenrod

L. H. Zalkow and M. Ghosal
The rayless goldenrod alcoholic extract has been revorted to contain
PO -~ 1 1" . 6 - .
pyridine and o good amount of alkaloids. We were unable to detect pyri-
dine or any other bagic compound, exceoot ammroniz, ucine the same conditions
used by the earlier workers and 2 number of other conditions designed to
free basic compounds. The earlier workers may have mistook ammonin for
’
pyridine and friedelin and dehydrotrenetone for alkaloids. The latter two
compounds crystallized readily during our search for vacics compounds.

By o« modilicontion of Lhe previes: isolation vrocoamee, Lramcotone

-



has now been isolated from the saponified metharol extract of the plant.
The modified procedurc involves the following steps: the saponified
regiduce was extracted with ether and the concentrated ether cxtract was
extracted with 899 cthonol. Tvuporation of the «lonr aleoholic solutlion,
after filtration, gave a rod oll which was chromatosraphed on silica pgel.
The benzene cluent pave first o dehydrotremetone rich fraction and then

a tremetone rich fraction. These fractions were rechromatographed over

alumina to give the pure compounds.
)
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* B.

Detailed Report

(2)

List of Publications

"Toxic Constituents of Rayless Goldenrod,” L. H. Zalkow,
N. Burke, G. Cabat and L. A. Grula, J. M2d. Chem., 5,
1342 (1962).

"Constitution of Toxol: A Toxic Constituent of Aplopapwpus
heterophyllus, T. H. Zalkow and N. Burke, Chem. and Ind.,
1963, 292

"The Occurrence of 50-Androstane-3B, 16¢, 17a-triol in
Rayless Goldenrod,” L. H. Zalkow, N. I. Burke and G. Keen,
Tetrahedron Letters, 1964, 217.

"The Absolute Configurations of Tremetone and Toxol,”
W. A. Bonner, ¥. I. Burke, W. . Fleck, R. K. Hill,
J. A. Joule, B. Sjoberg and L. H. Zalkow, Tetrshedron,

20, 119 (1964).

"Chemical Investigations of Aplpappus hPt@TOChylon V.
Jaturally Occurring Berzofuran Derivatives, L. H. Zalkow,
M. Ghosal, C. Ramming and N. Burke, in preparation.

Staffing

G. Cabat, teaching assistant and research assistant,
September 1961 - December 1963, full time summers, 20%
time (average) academic year.

N. TI. Burke, research assistant, September 1961 - September
196Gk, 50% time.

G. Keen, teaching assistant and research assistant,
June 1963 -~ June 1965, 20% time (average).

C. Rammirg, teaching assistant and research assistant,
May 1964 - Auvpust 1965, 259 time (average).

Dr. M. Ghosal, research associate, January 1964 -
to present, full time.

Dr. L. H. Zalkow, principal investigator,
September 1961 - to present, 20% time.
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