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CRAFTER I 

HISTORICAL 

During the last cent'ury, a disease known as ''milk,ickness" in 

humans a,;1d ''trembles" in animals ~as l;'E!ported (l) in various parts of the 

central United States. This disease was invariab~y fatal a'nd occasion~~ly 

reached epidemic proportions, sometimee wip·ing out most of the inhabitants 

of a settlement. It was early suspected (2,3) that animals which con-

tracted "trembles" by foraging .on a poieonous plant passed .the disea.se 

on to humans through the milk of an atfected cow. White snakeroot was . . . 

shown to be the plant respcmsible for the dis.ease in the central states. 

Cou~h, in a series of investigations (1,4) in the late 1920 1 s, 

undertook the extractic:m of white snaket;'oot plant to find the responsible 

toxin. His anim.al feeding experiments wi~h the plant demonstrated that 

fresh, .green plants we:i:-e necessary ~nd that the various species of white 

snakeroot did not all possess the same degree of toxicity. 

After collecting and g~inding the plant, Couch extracted it with 

95% ethanol. The extract was evaporated to leave a dark green residue 

which was shown to be toxic to sheep and cattle. The water-soluble 

portion of the extract was not toxic. The toxin was, however, extract-

able into 50% ho.t ethanol and following th.at intq 30% hot etha.nol. 

No further purif:i;cation could be accomplished by solvent extrac-

tion; therefore the texin was saponified. The ether extl:'act of the 

saponified material contained tlie toxic material with a considerable 

1 
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increase in purity, most of the weight having been removed as base-

soluble fatty acids. The ether-soluble material yielded a non-toxic 

0 solid, m.p. 148-9 , as well as a yellow, viscous, toxic oil. All attempts 

to further purify the oil were unsuccessful and the material was considered 

to be pure. Elemental analysis and molecular weight determinations of the 

toxic oil indicated the molecular formula to be c16H22o3 ,[aJo -21°. Bromine 

titration showed the presence of two double bonds; no crystalline deriv-

atives were obtained upon reaction with hydroxylamine or phenylhydrazine, 

and a negative Schiff's test indicated the probable absence of an aldehyde 

group. The toxin was stable to boiling water, but decomposed upon distill-

ation , even at pressures less tha~ one millimeter. From these data Couch 

asserted the toxin to be an aromatic alcohol with a side chain containing 

two double bonds. He named the material "tremetol". 

In the early part of this ' century a disease clinically identical 

with 11milksickness 11 appecired in the southwestern part of the United States 

However , this section of the country is devoid of white snakeroot. It was 

established that rayless goldenrod (Aplopappus heterophyllus) was respon-

sible for "milksickness" in the southwestern part of the United States (5). 

Couch (4,6) showed by the extraction process used on white snakeroot that 

11 tremetol 11 was also present in rayless goldenrod. Goldenrod, unlike white 

snakeroot$ retains its toxicity when it has been dried. For unknown reasons 

Couch apparently stopped his work on '' tremetol" and did not publish any 

further work after 1933. 

1he next reported attempt to isolate and identify the tqxic material 

from rayless goldenrod was by Dermer (7,8,9,10) and his students. They 

found that 11 treme tol'' was not a single compound, but a complex mixture. 

They attempted to further fractionate the oil using a Hickman molecular 

still ; the oil was separated into various toxic fractions, but no pure 
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toxic compound was obtained by using this technique. During the next .. . .. 

twenty years work on these poisonous plants apparently ceased, and 

fortunately, 1·in.i1ksicknet,J13" became less of a problem with 'the pasnge of 

time for two reasons. First, farmers were educated to recognize and 

eradicate the poisonous plant and secQildly, milk was consumed on a local 

level less frequently as milk went into large dairy pools where any toxin,.. 

containing milk became diluted. 

Recently, Bonner and co-worke~s (11,12,13) reported the results of 

the~r reinve~tigation of white snakeraot. By the use of chromatog1:;aphy, 

these workers found that white ,snakeroot 11 tremetol 11 could be separated 

into ~ number of components. Three closely related ketones, tremet:one. (II), 

dehydrotremetone (I) and hydroxytremetdne (III) were i~entified by chemical 

degradation (13,14) and the structures of tremetone and dihydrotremetone 

were confirmed by synthesis (15,16,17). These proved to be toxic to gold-

fish and tremetone, the most abundant constituent, was suspected as being 

the active toxin in white snakeroot. However, the toxicity of tremetone 

to higher animals b.as not .been verified. 

0 0 0 

I II III 

The problem of the chemical nature o:f the toxin of the rayless 

goldenrod plant, responsible for· 11 u·embles11 in cattle and '1milksickness11 

in humans, lay dorm.ant from the late 1930' s until 1961, when the present 

investigation was initiated. 



CHAPTER II 

DISCUSSION Of RESULTS 

The yellow oil, "tremetol'', isolated by Couch (1,4) was not a pure 

compound as Couch believed, but a complex mixture. The fact that the 

active material had shown only slight volatility, either with steam 

or under reduced pressure, indicated that it was either a high-boiling 

oil or a solid which for some reason had not crystallized. 

DeGraw (11,12) modified the original procedure of Couch because of 

certain mechanical difficulties encountered by Couch, and achieved some 

success; however, his procedure still involved a long solvent-extraction 

step. It was decided in this investigation that a further modification 

might provide the toxic material without the lengthy ·solvent-extraction 

procedures used by Couch and DeGraw. However, enough material was sepa­

rated by Couch 's procedure for use in. comparison with the material obtained 

by other procedures. 

ISOLATION 

Separation~ plant extract by Couch's procedure (chart A) 

Rayless goldenrod was collected during the month of August while in 

ful l bloom just north of the Pecos River in New Mexico. The entire plant 

was cut at ground level, dried and then ground in a hanmer mill. The 

ground meal was extracted with methanol in a large Soxhlet extractor; 

the methanol solution was cooled overnight and then filtered to remove 

the pr ecipitated waxes. The me thanol fi l trate was evapor ated at reduced 

pressure, and the residue extracted with boiling water, the insoluble 

material be i ng allowed to settle and then the aqueous solution decanted. 

4 



CURT A 

SEfAJ:tATION BY COUCH·PROCEDURE 

Methanolic Plant E:ictract (900 g.) 

I 
Water-Soluble 

l~s 
I 

Bicarbonate-Insoluble 

50% ethanol 
I 

I . : 
Water-Insoluble 

I NaRco3 
I 

Bicarbona.te .. Soluble 

I 
50% ~thanolmlnsoluble 50% Ethanol-Soluble (53 g.) 

r 
130% ethanol 

I 
30% Ethanol..,Solu.ble (48 g.) 30% Ethaaolminsoluble 

I alkaline .. hydr~lysis 
. r1~~~~.-..~~~~ ........ ~...,..,...._, 

Ether ... soluble (19.8 go) Ether.,Insoluble 

I 
I 

Ligroin~Insoluble 
,1 

Ligroin=Soluble 00 g.) 
nTremetol" 

5 
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Although it took some time for the insoluble material to settle, it was 

not necessary to centrifuge the aqueous solution as De~raw (11) had 

indicated. The insoluble residue was then extracted with 5% sodium bicar­

bonate to remove ac.ids; the residue was then extracted with hot 50% ethanol. 

After evaporation of ~he ethanol, the residue was separated from the aqueous 

supernatant and subjected to a 30% ethanol extraction in the same m$nner. 

The material thus obtained was hydrolyzed with 5% methanolic potassium 

hydroxide and the resulting solution extracted with ether. The ether 

solution was diluted with ligroin, which precipitated a small amount of 

colored material. The ether- ligroin filtrate was evaporated to give a 

viscous yellow oil that was similar to the "treroetol" .describ~d by Couch 

(1,4). This procedure differs from that of Couch only in that Couch used 

95% ethanol to extract the plant instead of methanol. 

Modified extraction procedure (chart B) 

The g,round plant meal ~as extracted with methanol in the same manner 

as described above. The methanolic plant extract was hydrolyzed with 

5% methanolic potassium hydroxide and the resulting solution extracted 

with ether. The ether was evaporated to leave a dark red oil, fraction A, 

which was assumed to contain Couch's ''tremetol '' as well as a number of other 

compounds. Gas chromatography indicated that fraction A contained all of 

the compounds present in Couch's "tremetol", obtained as described above , 

and in addition a number of additional compounds were present. The remaining 

aqueous solution was saturated with carbon dioxide and the solution extracted 

with ether. The ether was evaporated to leave a dark oil, fraction B. The 

remaining aqueous solution was further acidified with hydrochloric acid and 

then extracted with ether. The latter ether extract was evaporated to leave 



CRAD.T B 

SEPARATION BY 
MODIFIED PROCEDURE 

Plant (3 kg.) 

10 1. methanol 

Methanolic Plant Extract (300 g.) 

alkaline hydrol,:sis 

Ether=In.soluble 

Ether=S<>luble 
Fraction B (14 g.) 

Ether;,,Insoluble 
Discarded 

Ether-Soluble 
Fraction A po g.) 

Ether-Insoluble 

HCl, pll 2 

Ether ... Soluble 
:Fraction C (70 g.) 

7 



8 

a black viscous oil, fraction c. 

Although 11 tremetol" had been shown to be toxic to sheep and cattle 

(4, 6), the amount of material necessary f or testing these large animals 

precluded their use for tes t ing the many fractions expected from chroma­

tography. For. this r eason the use of bacteriological tests to monitor 

the separation seemed most appr opriate. These tests were performed by 

Dr. Gr ula and his associates of the Department of Microbiology. Seventeen 

bacterial cultures were selected at random from a stock collection for 

i niti al screening with the crude toxin; these included both Gram-positive 

and ~ram-negative bacteria of several genera having different nutritional 

requirements and metabolic activities. All cells were grown on nutrient 

agar slants for 20 hours at 30°. Organisms were agitated and washed from 

the slants with sterile physiological saline and one drop of this solution 

was added to sterile tubes of nutrient broth. After mixing, two drops of 

crude tox in were added and the cultures shaken again and incubated at 30° 

on a r eciprocating shaker . Contr ol cul tures containing no toxin were 

inoculated simultaneously . Presence or absence of growth was observed 

visually after 19 hours of i ncubat i on. The re sults are given in Tabl e I . 

When incuba t i on was continued to 66 hour s the three organisms 

Staphylococcus albus~ Strep tococcus l ac tis, and Sarcina lutea were still . 

unable to grow. Si nce t he crude toxi n showed only slight solubility in 

the nutrient broth» organisms shown to be susceptible in the liquid assay 

were further screened using the following procedure. Organisms were grown 

and washed from slants as described above and a f ew drops of the given 

culture then were added aseptically to. tubes of nutrient agar cooled to so0 • 

After mixing, the me,lted and seeded agar was aseptically poured into a 

Petri dish and the agar allowed to solidi f y at r oom temperature. The crude 
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toxin dissolved in ethyl ether was then deposited in a small area (about 

7 mm. diameter) on strips of Whatman No. 1 chromatography paper and the 

solvent evapo~ated under a stream of wann air. The strips of paper then 

were overlaid on the seeded agar and allowed to remain during subsequent 

incubation at 30°. Toxicity was determined by removing the paper and 

observing the growth inhibition in the area where the crude toxin had 

been in contact with the organism. Responses were recorded after 19 and 

43 hours. In this procedure, three of the organisms exhibited excellent 

growth inhibition<!• cereus, Staph~ albus and Coryneb. hoagi). !· subtilis, 

Strep. lactis and Chromo. violaceum were less susceptible and S; lutea was 

resistant. Although growth of three organisms were inhibited by the crude 

toxin both in liquid and solid agar assay,!· cereus was chosen as assay 

organism. This choice was based on hardiness and ease .of cultivation. 

Further studies have revealed that the crude toxin is bacteriostatic for 

B. cereus. 

SEPARATION OF FRACTION A 

Procedure I (chart C) 

Fraction A was partitioned on Florisil with methanol as the stationary 

ppase and ligroin as the mobile phase. Two of the early fractions obtained 

· by elution with the mobile phase gave identical partially crystalline 

solids» which showed strong conjugated carbonyl and aromatic bands in 

their infrared spectra similar to those reported (11) for dehydrotremetone 

(I) . This solid (m.p. 81=82°) was designated ketone I, and was found to 

inhibit ba~terial growth. Continued elution with the ligroin phase afforded 

only 75% of the material placed on the column. No other crystalline or 



TABLE I 

ANTIBACTERIAL ACTIVITY OF CRUDE TOXIN 

Test organism 

Streptococcus lactis 

Escherichia coli B ---------
Bacillus cereus 

Aerobacter cloaceae 

Bacillus subtilis 

Chromobacterium violaceq.m 

Erwinia caratovora 

Pseudomon~s. aeruginc;,sa 

Salmonella gallinarum 

Alcaligenes faecalis 

Corynebacteriumhoagi 

Aerobacter aerogenes 

Micrococcus lysodeikticus 

Proteus vulgaris 

Sarcina lutea 

Serratia marcescens 

Staphylococcus albus 

Inhibition(•) or growth(+) 
after 19•hr. incubation 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

1() 



bacterial growth-inhibiting material was obtained. The remaining 25% 

of the material on the column was eluted with the stationary phase; 

this material, fraction G, inhibited bacterial growth. 

11 

The material eluted by the stationary phase, fraction G, was chromo­

tographed (absorption) on Florisil. A small amount of material was eluted 

with benzene, but did not inhibit bacterial growth. About one-third of 

fraction G was eluted with ether. The ether-eluted fraction caused · strong 

bacterial growth inhibition and its infrared spectrum showed strong hydroxyl, 

carbonyl and aromatic bands. Tqe infrared spectrum was similar in the 

fingerprint region to that of ketone I, and the fraction was designated 

ketone III (toxol)*. The material that remained on the column was eluted 

with chloroform and then methanol, however, neither of these eluates 

inhibited bacterial growth. 

When fraction G was chromatographed on alumina, a small amount of 

bacterially inactive material was eluted with benzene. .About 7'0% of the 

material was eluted with benzene-chloroform (1:1) and th~s material inhibited 

bacterial growth. The remaining material was eluted with chloroform and 

methanol; neither of these fract~ons inhibited bacterial growth. The benzene­

chloroform eluent was partitioned on Florisil; toxol was the only material 

obtained that inhibited bacterial growth. 

Although this separation was similar to that used by DeGraw (11) 

and gave two toxic compounds, it was by no means shorter or more con­

venient than the procedure used by Couch. The following method was found 

to give a clean separation of the methanolic extract into a number of well­

defined fractions. 

* Named in this laboratory 
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CHART C 

SEPARATION OF FRACTION A 

Material Eluted 

by Mobile Phase. (75%) 

Ketone I 

(Dehy~rotremetone, 25%) 

PROCEDURE I 

Fraction A (100%) 

Partition 
Chromatography 

Material Eluted 

by Stationary Phase (25%) 

Fraction G 

Adsorption 
Chromatography 

Ketone III 

(Toxol, 10%) 
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Procedure II (chart D) 

In Couch's procedure, the steam-volatile material was removed during 

the water extraction of the plant extract; however, fraction A in our 

above separation still contained the steam-volatile materials. Therefore, 

removal of any steam-volatile material was expected to give, besides the 

steam-volatile fraction, a fraction that contained an increased concen­

tration of toxic material. 

Fraction A was suspended in water and the mixture exhaustively steam 

distilled. The distillate was then continuously extracted with ether and 

the ethe+ was carefully removed to avoid loss of the volatile oil. The 

residue was designated fraction D. The non-volatile residue was recovered 

from the aqueous solution by ether extraction. 

The non-volatile material was separated into a ketonic and a non­

ketonic fraction by treating the material with Girard's T reagent in 

methanol. The non-ketonic material, which did not react with this reagent, 

was removed by diluting the methanol solution with an aqueous solution of 

sodium carbonate and extracting the resulting solution with ether. Evap­

oration of the ether gave the non-ketonic fr.action F. The ketonic material 

was then obtained by acidification of the aqueous carbon.ate solution with 

hydrochloric acid {pH 2) and extracting the solution with ether. Evapor­

ation of the e,ther gave the ketonic fraction E. If any aldehydes were 

present, they would not have been recovered owing to the difficulty in 

hydro,lyzing the pro'duct obtained from the. reaction of an aldehyde with 

Girard's T reagent. 
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CHART D 

SEPARATION OF FRACTION A 

I 
Steam-Volatile Oil (11%) 

Fraction D 

Distillation 

D·I 
+ 

n-:II 
+ 

D-III 
+ 

D-IV 

PROCEDU!t.E II 

Fraction A (190%) 

I···~ 
I 

Non-Volatile Residue (89%) 

Ketones (25%) 

Fraction E 

Chromatography I 

Girard's T 
Reagent 

. Non-Ketones (64%) 

Fraction F 

Ketone I Steroid I (0.2%) 
(Dehydrotremetone, '2.5%) 

+ 

Ketone II 
(Friedel in) 

+ 
Ketone III 

(Toxol, lOZ.) 

+ 

Steroid II (3%) 
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SEPARATION OF INDIVIDUAL FRACTIONS 

Steam-vola,tile fraction Iii 

The steam-volatile material, fraction D, was f.ractionally distilled 

using a rCi>ugh, r~pid sel?aration tc,_ avQid prolonged heating of the high• 

boil,ing c01'11ponents.. Four fractions were collected: fraction D·I, b.p.' 
. 0 0 

40•55 (0,85 mm.); fraction D•II, b.p. 55•65 (0.05 mm.); fraction D•IIl, 

b.p. 65~75° (0.05 mm.); and fraction D-IV, b.p. 75•95° (1.05 mm.). The 

small ameunt· of. residue remaining was discarded • 

. Fractien D•I was thea refractionated through a 25 .x 0.5 cm. Todd 

column. Foul:' fractions were collected fr• the column.t fraction D·Ia, 

b.p. 65-70° (l Illll.); fraction D•Ib, b.p. 70-73° (1 mm.); fraction D·Ic, 

b.p. 73-75° (1 mm.); and fraction D·Id, b.p. 75-80° (1 mm.). A fifth 

fraction was obtained by removal of the Todd column .and distilling the 

residue at low pressure to give fractiotJ. D·Ie, b.p. 65-7')(1) (G.08 mm.). 

The various £raction1:1 w.ere analyzed by gas chromatography using a 16% 

silicone rubber column; the first two fractions were similar in composition, 

differing only in the proportions of the various components. The third 

fraction exhibited three peaks, all different from the peaks exhibited 

by the first two fraoti011s, and the feurth showed two peaks which were 

different from any Qf the peaks exhibited Dy the previous fractions. The 

last fraction was a complex mixture. 
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Ketone fraction E 

Ketonic fraction E was chromatographed on alumina (activity II). The 

ligroin eluent yielded a crystalline solid having an infrared spectrum 

indicating that it was dehydrotremetone (ketone I), The material eluted 

with ligroin-benzene (1:1) inhibited bacterial growth while the remaining 

fractions (benzene, chloroform, and methanol eluent) contained no bacterialm 

inhibiting material. 

The ligroin•benzene eluted fraction was rechromatographed on alumina 

(activity I). When the column was treated with a large quant;i.ty of benzene 

a small quantity of crystalline material, ketone II, was obtained. Further 

elution with benzene-chloroform (1:1) afforded the greater portion of 

material placed on the column. This latter material inhibited bacterial 

growth and its infrared spectrum indicated that it was toxol. The remainder 

of the material on the column was eluted with chloroform and did not inhibit 

bacterial growth. 

Non-ketone fraction F 

Non-ketonic fraction F was chromatographed on alumina (activity II). 

Upon elution with ligroin a crystalline solid (steroid I) was obtained from 

the eluent, the infrared spectrum of which showed a strong hydroxyl band 

but no other distinctive features. The material was only slightly soluble 

in most cotmnon organic solvents. This substance could also be obtained 

during the separation of the ketonic fraction E and the nonQketonic fraction 

F with Girard's T reagent, if the aqueous carbonate solution was extracted 

with an equal volume .of ether. Under these conditions steroid I separated 

at the interface. I£ the aqueous carbonate S,,!;!lution was repeatedly 

extracted with ether all of the solid dissolved in the ether and was then 
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obtained by chromatography as indicated above. Another steroid (steroid 

II; C2gH480; m.p. 152-156°; [ex.] D-9°, CHC13) has been isolated from rayless 

goldenrod and appears to be isomeric with "ex." spinasterol .* 

PURIFICATION AND PROPERTIES OF INDIVIDUAL COMPONENTS 

Fraction B 

When a methanolic solution of fraction B was treated with a saturated 

solution of lead acetate in methanol, an immediate precipitate was obtained. 

The precipitate was collected by filtration and then suspended in methanol. 

The solution was saturated with hydrogen sulfide and the resulting lead 

sulfide was removed. The filtrate was evaporated to leave a solid residue 

which, after recrystallization from methanol, gave m.p. 68=70°. The 

infrared spectrum was identical with that of stearic acid; the mixed melting 

point with an authentic sample of stearic acid was not depressed. 

The filtrate from the lead acetate treatment was diluted with water 

and extracted with ether and the ether evaporated. The residue so obtained 

was esterified with an ethereal solution of diazomethane and the resulting 

solution was analyzed by gas chromatography using a 5% SE-30 column. Only 

two compounds were detected, the retention times of which corresponded to 

those of methyl myristate (81%) and methyl laurate (19%). 

Fraction C 

A solution of fraction C in methanol was treated with a solution of 

boron trifluoride in methanol and after heating ·for a short time the solu .. 

tion was diluted with water and made basic with potassium hydroxide. The 

* L. H. Zalkow and G. Cabat, unpublished results 
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basic solution was extracted with ether and on evaporation the first ester 

fraction was obtained as a black viscous residue. The basic solution was 

acidified with hydrochloric acid and extracted with ether; evaporation 

of the ether gave an acid fraction as a dark viscous residue. A portion 

of this residue was dissolved in ether and treated with an ethereal solu­

tion of diazomethane to give the second ester fraction. 

When the esters thus obtained were analyzed by gas chromatography, 

using a 5% SE-30 and a Craig polyester colwnn, the first ester fraction 

was shown to contain: methyl hexanoate (32,4%), methyl octanoate (28.0%), 

methyl laurate (15.1%), methyl myristate. (7.5%), methyl palmitate (7.7%), 

and methyl linoleate (8.3%). The second ester fraction was shown to cons 

tain: methyl hexanoate (11.9%), methyl octanoate (7.7%), me'thyl laurate 

(13.3%), methyl myristate (11.1%) and methyl palmitate (56.0%). 

d-Limonene 

When the methanol recovered. from the extraction of the ground.ray-

less goldenrod was diluted with an equal volume of watE;ir, the solution 

became milky. This milky solution was extr.acted with ligroin until the 

aqueous solution became clear. After removal of the ligroin, gas chroma~ 

tography of the residue using a 5% SE~30 column showed one major component 

(60%). The residue was then distilled at 45~60° (4.5 mm.) and gas chroma"' 

tography indicated that the distillate consisted of about 80% one component. 

The distillate was redistilled at 5z,..55° (4.5 mm.) and gas chromatography 

indicated that the distillate was about 95% pure. The retention time was 

the same as the retention time of limonene and the infrared and nuclear 

magnetic resonance spectra were identical to those of an authentic sample 
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of limonene. The optical rotationi> [a.Jntl45.1 °, was close to that reported 

(18)([o.Jnfl26.89 ) for_dalimonene (IV). 

IV. 

Steam-volatile fractions D=La <llnd D"'Ib 

Because fractions D-Ia and D=Ib showed similar gas chromatograms they 

were combined and chromatographed on alumina. Five fractions were eluted 

in the following solvents: ligroin, ligroin=benzene (lil), benzene, benzene-

chloroform (l:l) and chloroform. The ligroin fraction showed four peaks by 

gas chromatograp~y using a 10% silicone rubber column; one of these peaks 

had the same retention time as limonene. The benzene and the l:igroin"" 

benzene fractions were complex mixtures. About 90% of the benzene-chloroform 

fraction was a single c<i>mpound, which had retention time the same as l,.,carvone 

(V). The im.frared spectrum was nearly identical with the infra:ried spectrum 

of an authentic sample and the optical rotation ( [aJ» ... ss0 ), was similar to 

that reported (19)([a.J0-62°) forl ... carvone. 

v 

/\ 
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The chloroform fraction gave a semi-crystalline solid which could 

not be purified by vacuum sublimation. It was easily recrystallized from 
0 

ligroin at ·70° to give m.p. 207·208; reported for borneol (20) m.p. 204-

2050. A mixed'melting point with an authentic sample of borneol was not 

depressed. The infrared spectrum was identical to the infrared spectrum 

of an authentic sample and the pptical rotation ([~JD·2S.4°) was similar 
' 0 

to that reported for borneol (VI)(21)([~]0-33.l ). 

VI 

Fraction D-Id 

Fraction D-Id showed two peaks by gas chromatography, using a 10% 

silicone rubber colun!tn, in the approximate ratio of 4;1. The larger peak 

had the same retention time as caryophyllene. Caryophyllene, VII, has be·en 

previously isolated in this laboratory from rayless goldenrod*; therefore, 

no attempt was made to o'btain the pure hydrocarben. The other fractions 

ebtained from the steam-volatile oil were not investigated. 

VII 

* L. H. Zalkow and G. Cabat, unpublished results 
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Ketone I 

Ketone I was pu:r.ified by repeated recrystallization from ligroin; m.p. 

85-86°; reported for dehydrotremetone, I, (11~12) m.p. 87.5-88.5°. The 

infrared spectrum was the same as that reported (11). 

0 

0 
I 

Ketone II 

Ketone II was a crystalline solid as obtained from the chromatography 

column. A sharp melting point, 245 .. 246°, indicated that the material was 

probably pure and no attempt was made to purify it furthero The iafrared 

spectrum showed a carbonyl band at 5.82 µ. as the oµ.ly distinctive feature 

in the spectrum. The material gave a negative tetranitromethane test, and 

had an optical rotation of [o.J»·21°. The nuclear magnetic resonance spec­

trum indicat:ed seven distinct methyl groups and an eighth probably present, 

and showed no vinylic protons. The integration of the nuclear magnetic 

resonance spectrum indicated that the Irfaterial contained a .total of fifty 

protons. This data suggested that the material was a saturated pentacyclic 

triterpene (22) such as friedelin (VIII) and the melting point and optical 

rotation were the same as those reported (23) for ·friedelin. The oxime 

was prepared and after recrystallization from chloroform-ethanol gave m.p. 
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o O O O 
277-278 (d), [a.Jn+57.7 ; reported (23) m.p. 280-281 (d), [o.Jn+56. The 

enol benzoate was prepared and recrystallized from chloroform-ethyl' acetate; 

· . . . O O O 
m.p. 257-258°, [a.Jnt-57.1, reported (23) m.p. 255-256, [a.]»+57.1. 

Steroid I 

Steroid I isolated either from the separation of the ketonic, non· 

ketonic fractions or from the chromatography of the non-ketonic fraction 

was only slightly soluble in common organic solvents. However, it was 

easily sol~ble in pyridine, from which it was recrystallized; m.p. 286~288° 
0 0 

with previous melting at 265, [a.JD-16.5. The infrared spectrum (plate I) 

exhibited a strong hydroxyl band at 2.9 µ. as the only distinctive feature. 

Steroid I gave a negative.tetranitromethane test. The structural elucidation 

is presented below. 

Toxol 

Toxol was distilled at 110° (0.05 mm.) and the distillate solidified 

after standing at room temperature for several days. Repeated recrystall-

0 0 ization from ligroin at O .· afforded the analytical sample; m.p. 52-53 , 
0 0 

[oJn·25.l • The analysis and boiling point (110 , 0.05 mm.) indicated 

the formula to be c13a1403. The ultraviolet spectrum showed peaks at 

223 !!IIJ, (log e 4.02) and 273 mµ. (log e 4.13) and the infrared spectrum 

(plate II) contained a strong hydroxyl band at 3 .Oµ, , a strong carbonyl 

ban.cl at 5.98 µ. and a number of aromatic bands. The nuclear magnetic 

resonance spectrum (plate III) indicated the presence of a methyl ketone 

by the signal at 52.36, and. a methyl group on a double bond by a signal 

at 61.66; in addition, the nuclear magnetic resonance spectrum showed 

aromatic signals at 66.72 and 67.7 and a doublet at 64 .. 89, the latter signal 
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integrated for five protons. The structure elucidation is presented below. 

STRUCTURAL STUDIES 

Steroid I 

Steroid I rea4~~y .gave an acetate (m.p. 168·169'\ [cx.Jn+S .1 °), for which 

the nuclea:r magnetic resonance spectrum (plate IV) ~ndicated a rat.io of 

three acetate groups to two bridgehead methyl groups. Steroid I was shown 

to be an androstane derivative by its conversion to Sa.•androstane (XII) 

by prepar.ation of the tritosylate (XI) followed by hydrogenolysis with 

lithium aluminum hydride .. An authentic sample of Sa.•androstane was prepared 

by the Huang·Minlon (24) reduction 9£ 5a.•androsta.ne··3, 17-dione (XIII). The 

two samples of Sa.•androst.ane gave identical· melting points alone and on 

admixture, and identical gas chromatograms (using a 5% SE•30 column) were 

obtained for each individually.and on a~mixture. Ruzicka, Prelog and 

Wieland (25) had previously reported the preparaUon of 5(:(.•androstane-313, 

16<%., 17a.•triol (IX) (m.p. Z65·26~0 , [a.Jn·l9.4°) and their trio! gave a 

triacetate (X) (m.p. 165°, [a.Jnf.l0.4°). Owing to the discrepancy observed 
;l, 

in the melting points of the reported 5a.-androstane·•313, 160., 17a.•triol and. 

that isolated from rayless goldenrod, Ruzicka's synthesis (25,26,27) was 

repeated (28). 1713-Hydrexy•5a. ... androstan,.3 .. one lY:benzoate (XIV) was readily 

hydrogenated to 1713·hydroxy-5cx. ... androstan-3:-one 17-'hexahydrobenzoate (XV), 
· 16 . 

which on pyrolysis gave ti m5a.•androstan;,.3-one (XVI). Reduction of the 
. 16 . 

latter compound with ,lithium aluminum hydride gave 6. ... sa.=androstan= 

3[3-ol (XVII), which on tlieiiltment with osmium_ tetroxide gave 5a.•andr.ostane ... 

3[:l,16cx.,17cx.-triol (IX) identical in infrared spectrum and melting point 

with that isolated from rayless goldrnrod~ It was found that 5a. ... androstane~ 

3i3,16cx.,l7CX.-triol exhibited two melting points, one at 265 .. 268° and t;he other 
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at 288°, if the material is allowed to resolidify after first melting. 

Huffman and Lott (29,30) suggested that the product obtained, by 
16 . 

hydroxylation of 6 -scx.-androstan-3f3mol (XVII) with osmium tetroxide 

was Scx.-androstane-313, 16f3, 1713-triol, since it was not identical with 

the product they obtained by reduction of Butenandt's triol (31), which 

they believed to be 6 5-androstane•3f3,16f3,17f3·triol. However, their 

work was based on the assumption that the biologically active estradiol 

and the corresponding ap.drostane-3,17~diol had the 17a.-configuration. 

It was later shown by Heusser (32) and Goldberg (33) that the estradiol 

and the corresponding androstane possess the 1713-configuration. The 

configurations presented by Huffman and Lott are therefore in error and, 

as stated by Gallagher (34), need to be inverted at c16 and c17 to be 

correct. The correct configur~tion in both the estrane and the androstane 

series have been given by Fieser and Fieser (35), and Shoppee (36) and. 

Gallagher (34). 

Although Scx.-androstane-3f3,16a., 17cx.-triol may have been isolated 

previously by Butler (10) 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, this is believed to be the first report 

of its isolation from any natural source. Its presence in the plant 

kingdom is particularly interesting because of its close relationship 

to the urinary steroids suc.h as 5a.·androstane-3a.,16cx.,17f3~triol, Sf3 ... androstane= 
5 

3CX.,16Ct,l7f3-trlol and ~ -androstane~3f3,16Ct)l7f3-triol, which have been 

isolated from urin.e and frem testicular extracts. 
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Toxol 

The similarity of the infrared spectrum of toxol with the reported 

(11} spectra of tremetone (II), dehydratremetone (I} and hydroxytremetone 

(III) indicated that toxol was probably a benzofuran derivative. The 

molecular formula suggested by analysis, c13H1403, indicated that. toxol 

was isomeric with hydroxytremetone; their non-identity was, however, 

apparent from the fact that hydroxytremetone exhibited no hydroxyl band 

irt its infrared spectrum while toxol exhibited a strong hydroxyl band. 
' 

Tb.e nuclear magnetic resonance spectrum of toxol (plate III) indicated 

that it was a methyl ketone and possessed a methyl group on a double 

bond; both of these features are also characteristic of the three ketones 

mentioned above. A doublet centered at 64.9 in the n.m.r. spectrum showed 

five protons by integratien; however, the nature of the five protons were 

not inunediately apparent. If toxol was a benzofuran with a methyl ketone, 

then only three carbon atoms, one oxygen function and the remaining hydrogen 

atoms need be located. Elemental analysis indicated seven modes of unsat-

oration; six of these would be accounted for by a dihydrobenzofuran ring 

system and the methyl ketone leaving one, presumably a double bond, to be 

accounted for. With only two methyl groups indicated by the n.m.r. spectrum, 

the remaining three carbons must car~y the other double bond and one methyl 

group; if therdouble bond were in the furan ring then the molecule would 

contain either three methyl gr9ups or at least one methylene group, which 

could be seen in the n.m.r. spectrum. The n.m.r. spectrum showed a doublet 

at 64.9 which was thought to correspond to two olefinic protons of the 

R . 
::::c=cH2 

R 
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. type but the infrared spectrum did not show the characteristic terminal 

methylene band at 11.2 µ. (37). Structure XVIII has been shown to rep• 

resent toxol (38) on the basis of the f~llowing evidence. 

The acetate (XIX) was easily obtained by treatment with acetic 

0 anhydride and pyridine as a colorless oil, [~Jn·76. The infrared spec• 

trum showed no hydroxyl band, but contained an ester carbonyl band at 

5.75 µ. as well as an unsaturated ketone band at 5.99 µ.. Elemental analysis 

indicated the formula to be c15u16o4 , as expected for a monoacetate of 

C13H1403. The n.m.r. spectrum (plate V) of the acetate clearly showed 

that toxol contained a secondary hydroxyl group by the characteristic 

paramagnetic shift (-.,100 cp,.) of one proton in going from the alcohol 

to its acetate (39). The proton showing this shift is attached to the 

carbon atom containing the hydroxyl group and appeared as a doublet (J=3 

cps.) centered at 65.9 in the acetate indicating that it was flanked by 

only one adjacent proton. The doublet centered at 64.9 in toxol and in 

toxol acetate integrated for only three protons in the, acetate, while in 

toxol it integrated for five. Both toxol and its acetate gave positive 

iodoform tests, confirming the presence of a methyl ketone indicated by 

the n.m.r. spectra. Toxol also formed a 2,4-dinitrophenylhydrazone 

The positions of substitutio:n on the aromatic ring were shown by 

oxidation of toxol with either 5% potassium permanganate in acetone or 

chromium trioxide in acetic acid to S•acetylsalicylic acid (XXIV), m.p. 

208-210°. The infrared spectrum and the melting point were identical 

with those of an authentic sample. The 5-acetylsalicylic acid obtained 

from toxol was treated with sodium hypoidite and the resulting 4•hydroxy"' 
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isophthalic acid (XXV) was identified by its melting point, 304-307°; 

0 reported (40) m.p. 305-306. These acids accounted for nine of the 

carbon atoms and two of the oxygen atoms and 1ndicatad that toxol was 

at least similar to the ketones isolated recently by DeGraw (lO). 

Hydrogenation of toxol with 5% palladium-on-charcoal resulted in 

the uptake of four moles of hydrogen per mole of ketone to give a mixture 

of products which were not identified. When 2% palladium ... on-calcium 

carbonate was used as the hydrogenation catalysis 1.6 moles of hydrogen 

per mole of ketone were absorbed. Elemental analysis of the product, 

isolated by distillation, indicated that hydrogenation had produced a 

mixture of the expected dihydro product and a product that resulted 

from hydrogenolytic removal o,f the hydroxyl group. The ease of hydrogen-

olysis suggested that the hydroxyl group was either benzylic or allylic. 

Hydrogenation of toxol with 5% rhodium-on-alumina resulted in the 

uptake of one mole of hydrogen per mole of ketone, to give the desired 

dihydro product (XX), [o.]0-101°. The n.m.r. spectrum (plate VI) showed 

a doublet (J=6 c;:ps.) centered at 64.2 which integrated for one proton. This 

signal apparently shifted from 64.9 in the unsaturated ke'tone indicating 

that the proton was allylic in toxol; the position al:;Q indicated that 

it was attached to a carbon atom that also contained an oxygen atom. 

The doublet still centered at 64.9 integrated for two pr~tons compared 

to £i ve in toxol. 

Dehydration of toxol or pyrolysis of its acetate was expected to 

give dehydrotremetone. Surprisingly, a variety of reagents, hydrochloric 

acid in dioxane, sulfuric acid in acetic acid and pyrolysis of the acetate 

did not give dehydrotremetone but rather products were obtained which had 

identical infrared spectra, but different melting points. However, iodine 
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at 120° gave a small amount (9%) of dehydrotremetone as well as a product 

that had the same infrared spectrum. as the product's obtained by the other 

procedures. When dehydrotr~etone itself was treated with iodine a product 

was obtained that again had an infrared spectrum which was the same as 

the infrared spectra of the products obtained from tftol. Photolysis 
. 0 

of dehydrotremetone in ligro~n gave a crystalline solid, m.p. 175·177, 

the infrared spectrum of which was the same as that of the products 

obtained as mentioned ab0ve from toxol, The molecular weight (1394 and 

1388) of the latter product, determined by the Rast method, indicated 

that the material was a polymer with an average of seven units (M.W. 1400) 

in the chain. It thus appeared that the material obtained from tQxol by 

the various methods was a. polymer <>f differing molecular weights and hence 

different melting points but identical infrared spe·c::tra. 

When toxol or its acetate was ozonized at ·70°, a 35% yield of formal ... 

dehyde, isolated as its di~edo~e derivative, was obtained. The large 

fragment from the ozol,'lolysis was distilled; the resulting distillate, 

m.p. 140-141° after recrystalliz~tion from m~thanol, showed two nearly 

identical methyl ketone sign~ls and four aromatic protons in its n.m.r. 

spectrum. Tb.is spectrum indicated tha·.J: ·the ozonolysis product had lost 

water (acetic acid in the case of the acetate) 'during distillation. The 

product was identified as 2,S•diacetylbenzofuran (XXII). Dehydrotremetone 

was treated with osmium tetroxide and then lead tetraacetate to give 2,5-

diacetylbenzofuran, which was identical with that obtained from ,toxol. 

These data indicated that formula XVIII represented the structure of 

_ toxol. 

After the structqre of toxol had been determined, the next consid­

" eration was its absolute configuration. Buchi (41) and Nakazaki (42) 
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independently determined the absolute configuration of dihydrotubaic acid 

(XXXVII), a degradation product of rotenone (see page 35). Ozonolysis of 

this compound in acetic acid destroyed the benzene ring, but did not destroy 

the asymmetric center. The similarity of toxol and tubaic acid indicated 

that the absolute configuration of toxol could be determined in the same 

manner. When toxol was ozonized with a stream of about 1% ozone in. oxygen)) 

a ketoacid was obtained. This acid was converted to L(+) dimethyl tartarate 

(XXVII) by treatment with sodium hypoiodite followed by diazomethane (43). 

When toxol was ozonized with a stream of about 4% ozone in oxygen, Let") 

tartaric acid (XX.VI) was obtained. Treat~ent of this acid (XXVI) with 

diazomethane gave L(+)dimethyl tartrate which showed a plain negative 

optical rotatory dispersion curve (44) as previously described (45). 

The ease with which toxol underwent hydrogenolysis indicated that it 

could be converted into dihydrotremetone, which had been obtained by hydro­

genation of tremetone. Toxol was hydrogenated using rhodium .. on-alumina 

catalyst to give dihydrotoxol which was then hydrogenolyzed with palladium~ 

on-charcoal to give (~)dihydrotremetone (XX.III), the infrared spectrum of 

which was identical with the spectrum of material obtained by hydrogenation 

of dehydrotremetone. 
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The absolute configuration of (+)dihydrocoumarilic acid was suggested 
u 

byFredga (46), on the basis of plant physiological tests, and by Sjoberg 

(47), on the basis of optical rotatory dispersion, as being the mirror 

image of that shown in XX.VIII. The absolute configuration of toxol was 

determined chemically and toxol was subsequently converted into(-) 

dihydrotremetone which itself had been obtained by hydrogenation of( ... ) 

tremetone. Tremetone was also synthesized ~rom tl-)dihydrocoumarlic acid 

(17). This sequence of reactions thus indicated that the absolute config ... 

. uration of (+ )•dihydrocoumarilic acid is as shown in XXVIII. During the 

synthesis of tremetone it was reported (17) that (-t)•dihydrocoumarilic 

acid gave(·) ethyl dihydrocoumarilate. This change in sign of rotation 

in going from the acid to its ester seemed unusual and for this rea~on 

this observation was rechecked. Dihydrocoumaltilic acid was )('~solved by 

the method of Fredga (46) and the(+) acid esterified as previously 
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described (17) to give as pfeviously reported{·) ethyl dihydrocoumarilate. 

As a check on the absolute configuration of tremetone, Bonner (48) 

treated tremetone with silver acetate and iodine followed by hydrolysis 

to obtain the (·) glycol (XXXI). This glycol was treated with lead 

tetraacetate to give(-) 2,5-diacetyldihydrobenzofuran (XXXII) which with 

potassium hypochlorite gave(-) dihydrobenzofur~n-2,S•dicarboxylic acid 

(XXX.III). When this diacid was ozonized in acetic acid and then treated 

with diazomethane, D (+) dimethyl malate (XXXIV) was obtained, thus con• 

firming the configuration as had been shown by the conversion of toxol to 

(•)'dihydrotremetone. 

" Sjoberg (48) converted (+)-dihydrocoumarilic acid to its methyl 

ester with diazomethane and ozonolysis of this ester followed by treatment 

with diazomethane gave D (+) dimethyl malate (XXXIV). This indicated 

that the conclusion arrived at earlier (47) by interpretation of rotatory 

dispersion curves was incorrect. 

Hill (48) started with rotenone (XXXIX) of known absolute config.., 

uration at C(5 1), and converted it into tubaic acid (~VIII) which.was 

hydrogenated to give dihy<lrotubaic acid (XXXVII), then decai:boxylated and 

finally treated with p-toluenesulfonyl chloride to give (-) dihydrobutanol 

p•toluenesulfonate (XXXVi). Treatment of the latter w~th Raney nickel in 

ethanol gave(-) 2-isopropyldihydrobenzofuran (XXXV); this was treated 

with trifluoroacetic anhydride and acetic acid to. give(·) dihydrotremetone 

(X.XIX). The latter interconversion provided additional confirmation for 

the absolute configuration of dihydrotremetone and therefore for .toxol 

and tremetone as well. 
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BIOLOGICAL TESTING 

The chromatographic separation was followed by microbiolegical assay. 

Pure toxol could be identified by a combination of paper chromatography 

and microbiological assay. Chromatography on Whatman No. l paper using 

the solvent system methanol•isopropyl alcohol•95% ethanol (85:10:5) gave 

a single spot of Rf 0.81. This spot exhibited quenching with u.v. light 

and inhibited growth of B. cereus. Under the same conditions, dehydro­

tremetone and toxol acetate showed Rf 0.60 and Rf 0.84 respectively. It 

was found that 200 ~g. of any one of the· three compounds mentioned above 

deposited in an area of about 7 mm. on Whatman No. 1 paper was sufficient 

to inhibit growth of B. cereus; growth inhibition was restricted to the 

area of compound deposition, owing to low water solubility. Judging from 

the completeness of growth inhibition, toxol is more toxic than either 

toxol acetate or dehydrotremetone at equal concentrations. No other 

materials in the chromatographic separation exhibited growth inhibition 

of B. cereus. 

Since toxicity toward bacteria does not necessarily indicate toxicity 

toward hig~er animals, it was decided to test several of the fractions 

obtained during the separation. When chopped plant was mixed with regular 

feed, to make the plant palatable, and fe4 to a sheep, the animal developed 

11 trembles11 28 days after the feeding started; it died two days later. The 

methanolic plant extract was fed to a sheep for four days; on the. fourth 

day the sheep appea~ed sick and on the fifth day a typical case of "trembles" 

was apparent, and death occurred on the sixth day. The d.eath of these two 

sheep demonstrated that the plant was toxic and that the methanol was 

extracting the toxic material. Two of the fractions obtained by Couch's 
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separation procedure (Chart A), the 30'/o ethanol fraction and the ether­

soluble fraction, wer.e tested. The 30% ethanol-soluble fraction was fed 

to a sheep for twelve days; the sheep developed 11 trti!mbles11 and was sacrificed 

for pathological studies. The she~p that was fed the ether-soluble fraction 

became weak on the eighth day, but recovered even though feeding of the 

ether-soluble fraction was cQntinued. When fra·ction A (Chart B) was fed 

to a s.he.ep there was no noticeable effect on the sheep. Toxol was fed to 

two sheep without any effect. The fact that toxol did not produce ''trembles''' 

with sheep indicated that it is probably not the toxic constituent of ray­

less goldenrod. 

SYNTHETIC STUDIES 

The synthesis of toxol or dihydrotoxol was undertaken to complete 

work on the structural aspects of these molecules. However, various 

difficulties were encountered which made the synthesis an elusive goal 

that has not been reached. 

3~Coumarone (XL) was prepared as previously described (49) by Fries 

rearrangement of phenyl chloroacetate, followed by sodium acetate treat­

ment. When 3-coumarone was treated with acetone and zinc chloride in 

methanol, by the procedure of Shriner (50) 1 2=isopropylidene-3-coumarone 

(XLI) (CuH10o2, m.p. 86·87°} was obtained in 70% yield; the n.m.r. spec­

trum showed two methyl groups on a double bond (6 2.05 and 6 2.30). When 

ethyl 2-acetoxycoumarilate (XLVII), prepared as previously described (51, 

52,53), was treated with methylmagnesium iodide,2-isopropylidene=3-coumarone 

(XLI) was obtained in 60% yield. Hydrogenation of 2=isopropylidene=3=coum= 

arone with rhodium-on-alumina catalyst gave 2~isopropyl-3-coumarone (XLII); 

the n.m.r. spectrum showed two isopropyl methyl groups (6 0.83~ J~6 and 
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6 1.60~ J::::6) and a single proton as a doublet at 6 4.61 (c ... .2). Sodium 

borohydride reduction of either z..,isopropylidene..,3-coumarone or 2-isopropyl-

·3-coumarone gave 2~isopropyl•3=hydrox:ycoumaran (XLIII) (C11H14o2, m.p. 
0 . 

105-106 ), for which the infrared spectrum showed a strong hydroxyl band 

at 2.,95 IJ, and no carbonyl band; the n.m.r. spectrum showed two isopropyl 

methy~ groups centered at 6 1.05 (triplet, J:::::'.'6 cps.), a quartet at a 3.68 

(C-2 proton) and a doublet (J= 5 cps) centered at 6 4.58 (C-3 proto.n). 

The acetylation of 2-isopropyl*3-hydroxycoumaran (XLIII) was expected 

to give dihydrotoxol acetate, which could then be hydrolyzed to give 

dihydrotoxol. However, treatment with acetic anhydride and trifluoro-

acetic acid as solvent and catalyst (54) gave 2-isopropyl-5-acetylbenzo-

furan (XLV) in 80% yield, the infrared spectrum of which was.the same as 

that of the material obtained as previously reported (14). It was there• 

fore thought that a ~on=protonic Friedel-Craft's catalyst:might be less 

likely to dehydrate the benzylic alcohol during the ace.tylatien reaction. 

l:Iowever, when 2-isopropyl-3 ... hydroxycoumaran was acetylated with acetic 

anhydride and stannic chloride in carbon disulfide, 2-isopropyl-5 .. acetyl-

benzof~ran. (XLV) was again obtained in 75% yield. The ease of dehydration 

of the benzylic ,hydroxyl group is well knowu (55); therefore 2-isopropyl-

3-hydroxycoumaran was acetylated with acetic anhydride in pyridine to give 

2•isopropyl-3~acetoxycoumaran (XLIV) (C13H1 603), the infrared spectrum of 

which showed the presence of no hydroxyl group. When 2~isopropyl-3-acetoxy• 

coumaran was treated with either acetic anhydride and trifluoroacetic acid 

or acetic anhydride and stannic chloride in carbon disulfide, 2-isopropyl-

5-acetylbenzofuran (XLV) was again obtained. 

Since both the 3-hydroxyand the .3-acetoxy groups were readily elimi= 

nated during acetylation reactions, it was thought that the use of z ... iso-
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propyl-3-acetoxybenzofuran (XLVI) w0uld solve the problem. z..,Isopropyl-

3-acetoxybenzofuran was prepared by treatment of 2-isopropyl-3-coumarone 

with acetic anhydride and trifluoroacetic acid and by treatment with 

acetic anhydride and perchloric acid in carbon tetrachloride (56). When 

2·isopropyl-3-acetoxybenzofuran was treated with acetic anhydride and 

stannic chloride in carbon disulfide the only product obtained after the 

usual workup was 2-isopropyl-3-coumarone {XLII). 

When ethyl 2-acetoxycoumarilate (XLVII) was hydrogenated using 

rhodium-on-alumina as catalyst, ethyl dihydrocoumarilate (XLVIII) was 

obtained in 95% yield; the infrared spectrum was identical with the spec-

trum of ethyl dihydrocoumarilate prepared as previously described (57,17). 

Treatment of ethyl dihydrocoumarilate with methylmagnesium iodide gave 2-

(2 1 -dihydrobenzofuryl)-2-propanol (XLIX), which was acetylated with acetic 

anhydride and trifluoroacetic acid as previously described (11) to give 2-

(5 1-acetyl-2 1-dihydrobenzofuryl)-2-propyl acetate (L). Oxidation of L 

with chromium trioxide in acetic anhydride at o0 was expected to give the 

benzylic ketone (58), but instead gave 5-acetylsalicylic acid {XXIV) 11 the 

melting point (212-214°) and infrared spectrum of which were identical 

with that of a sample prepared as previously described (59). 

Methyl 5-acetylsalicylate (LI) was prepared by treating 5-acetyl-

salicylic acid with either alkaline dimethyl sulfate or diazomethane in 

ether; the n.m.r. spectrum showed the presence of a methyl ketone ( 5 2 .43) 

and a methyl ester (5 3.98). Treatment of this ester with methyl chloro~ 

acetate and sodium ethoxide in absolute ethanol gave dimethyl O=carboxy"" 

spectrum showed the presence of a methyl ketone (5 2.54), two methyl 

esters (6 3.80 and 3.91) and two methylene protons (6 4.77). Treatment 

of this diester with sodium in refluxing toluene gave methyl 3~hydroxy-
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5-acetylcoumarilate (LIII) (C12H1005, m.p. 95-96°); the n.m.r. spectrum 

showed the presence of a methyl ketone (8 2.47) and a methyl ester (6 3.88). 

An attempt to prepare the acetate of methyl 3-hydroxy-5~acetylcoumarilate 

with acetic anhydride in pyridine gave 90% recovery of the starting ester; 

Barton's procedure (56) for the preparation of enol acetates also gave 

only starting material in 85% yield, and trifluoroacetic acid and acetic 

anhydride again gave 85% recovery of starting material. An attempt to 

prepare the benzoate with sodium hydride and benzoyl perexide in benzene 

as previously described for enol benzoates (60) gave only starting material. 

The reason that methyl 3-hydroxy-5-acetylcoumarilate could not be esterified 

is not apparent since ethyl 3-hydroxycoumarilate is easily acetylated with 

acetic anhydride in pyridine. 

If methyl 3•hydroxy-5-acetylcoumarilate could have been acetylated, 

then the haloform reaction followed by treatment with methyl magnesium 

iodide and reduction with sodium borohydride would be expected to giye 

2-isopropyl ... 3=hydroxym·5=carboxydihydrobenzofuran. Acetylation of this 

compound would give 2-isopropy1=3=acetoxy=5=carboxydihydrobenzofuran (LV) 

which could then be converted into dihydrotoxol (XX) with methyl lithium. 

Dehydrotremetone (I) was hydrogenated using palladium=on=charcoal 

catalyst to give dihydrotremetone (XXIII) (11). The ketal of dihydro~ 

tremetone was prepared with ethylene.glycol and p-toluenesulfonic acid in 

benzene and was then treated with N-bromosuccinimide in carbon tetra­

chloride to give 2~isopropyl-S~acetylbenzofuran (XLV) after hydrolysis. 

Apparently the intermediate bromide underwent dehydrobromination to give 

the benzofuran derivative. 

It was thought that lead tetraacetate might cause an allylic shift 

of the double bond in the five memb.ered ring and form the benzylic acetate. 
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This acetate could then be hydrolyzed and the double bond hydrogenated to 

give dihydrotoxol. 

The ketal of 2-isopropyl-S~acetylbenzofuran (XLV), prepared by the 

usual method, was treated with lead tetraacetate in refluxing benzene 

following the procedure of Cavill and Soloman (61). The product was 

hydrolyzed with 5% hydrochloric acid to remove the ketal, which also 

resulted in hydrolysis of the acetate. The n.m.r. spectrum of the product 

indicated that it was a mixture of starting material and 2(5 1-acetyl-2 1 -

benzofuryl)-2-propanol (LIV); the paramagnetic shift of the isopropyl 

methyl groups from 6 0.85 and 6 0.95 to 6 l.33 and 6 1.43 indicated that 

a hydroxyl group was introduced as shown. 

Dihydrotoxol acetate (XX.I) readily reacted with sodium hypobromite 

to give acld LV, which was treated with an excess of methyllithium in 

ether • .Ammonium chloride was used to decompose the complex whereupon 

dihydrotoxol (XX) was obtained in 60% yield. The fact that LV did not 

lose water during the workup indicated that dihydrotoxol could be syn­

thesized if acid LV could he prepared. 

An attempt to hydroborate 2-isopropylbenzofuran (LVI), prepared as 

previously described (15), using the procedure of Brown (62), resulted 

in recovery of starting material in 85% yield. Treatment of 2-isopropyl= 

dihydrobenzofuran (LVII), prepared as previously described (15), with 

N-bromosuccinimide in carbon tetrachloride gave LVIII. The n.m.r. spec"" 

trum of LVIII indicated two benzylic protons at 6 3 .26 and. the integration 

indicated the presence of only three aromatic protons, thus suggesting 

that the bomine atom was attached to the aromatic ring and not the benzylic 

position as desired. The product obtained when 2~isopropyldihydrobenzofuran 

(LVII) was treated with Fenton's reagent (63) showed a strong hydroxyl band 

in its infrared spectrum at 2.9 µ, and the n.m.r. spectrum showed two benzylic 
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protons at 8 3.18; the integration indicated only three aromatic protons. 

This product was soluble in dilute sodium hydroxide, but insoluble in 

bicarbonate solution, indicating that the hydroxyl group was phenolic. 

Structure LIX is suggested for this prod\lct. 

Treatment of ethyl 4-hydroxyisophthalaldehydate (LX), prepared as 

previously described (64), with diethyl bromomalonate and potassium car­

bonate in 2-butanone, as described by Duro (65), gave triethyl 3mhydroxy-

coumaran-2,2,Sgtricarboxylic acid (LXI) in 90% yield. Oxidation of this 

triester with Jones' reagent (66) followed by hydrolysis with 20% sodium 

hydroxide gave 3-coumarone-2,5-dicarboxylic acid (LXII) which was stable 

0 to 300. Treatment of LXII with an ether solution of diazomethane gave 

thediester LXII:I; the n.m.r. spectrum indicated protons of two methyl 

ester groups (8 3.93, 6 3.96). Attempts to prepare the enol acetate of 

diester I.XIII using the procedure of Hagemeyer (67) with either p~toluene~ 

sulfonic acid or concentrated sulfuric acid as catalyst and isopropenyl 

acetate as reagent and solvent _g~ve only the starting diester in nearly 

quantitative yield. When the diester I.XIII was treated with ethylene 

glycol and p-toluenesulfonic acid in benzene in an attempt to prepare the 

ketal, only starting diester was recovered in about 90% yield. 

·The diester I.XIV was prepared by treating salicylaldehyde with two 

molar equivalents of isobutylmagnesium bromide followed by acetylation_of 

the product with acetic anhydride in pyridine. An attempted Fries rearrange~ 

ment with aluminum chloride in nitrobenzene resulted in recovery of the 

starting material. Attempted acylation with either trifluoroacetic acid 

and acetic anhydride or acetic anhydride and stannic chlor~de also gave 

starting material. 

The various attempts to synthesize either toxol or dihydrotoxol were 
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unsuccessful because of the ease of elimination of a 3•hydroxy or 3~acetoxy 

group in dihydrobenzofurans and the lack of reactivity of a 3 .. coumarone 

which has a carbonyl group attached at C-5. 

IJCIV 



CR.APTER II I 

EXPERIMENTAL 

All infrared spec~ra were recorded with a Beckman IR•S infrared 

spectrometer using sodium chloride optics; solids were taken in potassium 

bromide pelletst and liquids as films on sodium chloride crystals. All 

nuclear magnetic resonance spectra were recorded on a Varian A ... 6(1) n.m.r. 

spectrometer; the samples were approximately 10% (w/v) solutions in 

either carbon tetrachloride or deuteilk:chlorofonn with tetramethylsilane 

(TMS) as an internal standard ( 6:0) and results are reported as dimen­

sionless ''chemical shiftn units (o). Gas chromatography data was obtained 

using either an Aerograph Ry .. Fi gas chromatograph with a hydrogen flame 

detector or an Aerograph model A~300 gas chromatograph with a thermal 

detector. Melting points were obtained on a Fisher0 Johns melting point 

apparatus, ~r in a sealed capillary using a Thomas~Hoover apparatus and 

are uncor~ected. Analyses were performed by Midwest Micro Labp Inc., 

Indianapolis, Indiana. 

EXTRACTION AND SEPARATION 

Collection, grinding and alcohol extraction of rayless goldenrod 

Rayless golden rod was collected in August while in full bloom 

just north of the Pecos River on u. S. highway 70 in New Mexico. The 

entire plant was cut at ground level, dried by air or forced draft aad 

then ground in a hanuner mill with a twenty-mesh screen. The ground 
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meal was extracted continuously with methanol in a large Soxhlet extractor. 

In a typical run three kilograms of ground plant were extracted for forty= 

eight hours with approximately ten liters of methanol. The methanol was 

removed from the extractor and placed in a cold room at 4 ° overnight. 

The precipitated waxes were removed by filtration thi:·ough glass wool. 

The filtrate was concentrated on a steam bath with the aid of a water 

aspirator to a viscous dark green oil (500 ml.). 

SEPARATION OF METH.ANOLIC PLANT EXTRACT 

Separation by Couch procedure (chart A, p. 5) 

The viscous dark green residue from the methanolic plant extraction 

(900 g.) was extracted with boiling water in a large flask. The solution 

was then cooled, to allow the insoluble material to settle~ and decanted 

and this process repeated until no further water=soluble material remained. 

The waterwinsoluble material was extracted with 5% sodium bicarbonate 

solution using mechanical stirring, and then allowed to stand for thirty 

minutes to allow the insoluble material to settle. The :aqueous solution 

was decanted and this procedur·e repeated until all of the sodium bicarm 

bonate .. soluble material had been removed. 

The bi.carbonate-insoluble material was exhaustively extracted with 

50% boiling ethanol. The soluble material was recovered from the alcoholic 

solution by distillation of the ethanol and then decanting the water that 

remained. 

The material soluble in 50% ethanol was extracted with 30% boiling 

ethanol in successive po1:·tfons until all of the soluble material had been 

removed. The soluble material was recovered from the alcoholic solution 

by dist;illation of the alcohol as described above. In this manner~ ,4.8 g. 



of dark residue were obtained. 

The above mentioned dark-colored residue (27 g.) was hydrolyzed 

with 5% potassium hydroxide in 250 ml. of 50% aqueous methanol After 

removal of the alcohol, the remaining solution was diluted with water 

and extracted with ether. The ether solution was dried {Mgso4)~ and 

evaporated to give 11 g. ef a light orange, viscous oil. 
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This residue (11 g.) was dissolved in 30 ml. of ether and then 

diluted with 120 ml. of iigroin~ The insoluble material was filtered 

off and the filtrate evaporated to dryness. This process was repeated 

until no more material precipitated upon the addition of ligroin. 

The residue obtained by evaporation of the ligroin solution was 

dissolved in ether and washed with a 2% potassium hydroxide solution 

and then water. After drying (MgS04), the ether was evaporated to 

give 10 g. of light yellow oil ( 11 tremetol''). 

Procedure I (chart B, p. 7) 

The viscous dark green residue from the methanolic plant extracti~n 

(300 g.) was dissolved in 1.5 liters of SO"k aqueous methanol containing 

105 g. of potassium hydroxide, The solution was refluxed for eight hours, 

then concentrated to about 801 ml. with the aid of~ .water aspirator. The 

residue was diluted with three liters of water and continuously extracted 

with ether. The ether extract was dried (MgS04) and then evaporated to 

give 30 g. of red viscous oil (Fraction A)o 

The aqueous solution remaining after the rem.oval of fraction A was 

saturated with carbon dioxide (pR 8) and extracted continuously with 

* Ligroin refers to petroleum ether, bop. 40=60~ unless otherwise indicated9 
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ether, until the ether layer was colorless. The ether solution was dried 

(MgS04) and evaporated to give 14 g. of black residue (Fraction B). 

The aqueous solution that remained after the extraction of fraction 

B was acidified with hydrochloric acid (pH 2). The acidic solution was 

continuously extracted with ether until the ether phase was color.less. 

The ethereal solution was dried (MgS04), then evaporated to leave 70 g. 

of a black residue (Fraction C). The remaining aqueous solution was 

discarqed. 

SEPARAT10N OF FRACTION A 

Procedure I (chart c, p. 12) 

Florisil (300 g., Floridin Company) was suspended in a solution 

0 
prepared by saturating 95% methanol with ligroin (b.p. 60=80 & stationary 

phase) then poured into a c.olumn and allowed to stand overnight in the 

solutLon. The column was then washed with ligroin saturated with 95% 

methanol 0nobile phase) in order to remove any excess of the stationary 

phase. Fraction A (20 g.) was added to the column which was then eluted 

with 100 ml. fractions of the mobile phase. Fractions 3 and 4 deposited a 

0 
crystalline solid when the solvent was removed (ketone I~ m.p. 72~78 ; 

0 
81 .. 82 after recrystallization from methanol water 3:l). The infrared 

spectrum of this solid showed a strong conjugated carbonyl band and 

aromatic bands similar to those reported (10) for dehydrotremetone, 1i. 

This solid exhibited bacterial growth inhibition. A total of 1509 mlo 

of the mobile phase yielded 15 g. of material. The remaining 5 g. of 

material was obtained by washing the column with the stationary phase 

and was designated fraction G. It likewise exhibited bacterial growth 

inhibition~ 
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Procedure II (chart D, p. 14) 

Steam-volatile oils (Fraction D) 

Fraction A (30 g., chart B, p. 7) was suspended in 1.5 g. of water 

and the mixture exhaustively steam distilled. The distillate was then 

continuously extracted with ether. After drying (Mgso4), the ether 

extract was concentrated by distillation through a 25 cm. x ~.5 cm. 

tantalum spiral Todd column and gave 3.3 g. of oily residue. The non~ 
\ 

volatile material was recovered from the aqueous solution remaining 

after steam distillation by extraction with ether. The latter ether 

extract was dried (MgS04) and the solvent evaporated to give 2606 g. 

of non-volatile material. 

Separation of non=volatile fraction A with Girard 0 s T reagent 

A solution of 26.6 g. of the above residue, 15 g. of Girard's T 

reagent and 3 ml. of acetic acid in 200 ml. of methanol was refluxed 

for one hour. The solution was cooled, poured into 500 ml. of ·10% 

sodium carbonate solution and then extracted with ether. The ether 

extract was dried (MgSI\) and evaporated to give 19 g. of: visc.ous oil 9 

non .. ketone fraction F. The aqueous carbonate solution was acidified 

with hydrochloric acid (pH 2), stirred for two hours and then extracted 

with ether. The ether extract was dried (MgS04) and then evaporated to 

give 7.5 g. of viscous oil, ketone fraction E. 
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SEPARATION OF INDIVIDUAL FRACTIONS 

Steam-volatile fraction D 

Steam-volatile fraction J) (100 g.) was fractionally distilled to 

give four fractions with an eight-inch by one•half•inch Vigreux column. 

fraction D·I b.p. 40-55 
Q 

(0.05 mm.) 31% 

fraction D-II b.p. 55-65 
0 

(0.05 mm.) 27% 

fraction D-III b.p. 65-75 
0 

(0.05 mm.) 25% 

fraction D-IV b.p. 75-95° (0.05 mm.) 16% 

99% 

About one gram of undistilled residue remained and was discarded. 

Fraction D~I was then refractionated through a 25-cm. x 0.5-cm. 

tantalum-spiral Todd column. Four fractions were obtained and a fifth 

was obtained by removal of the Todd column and distilling the residue at 

low pressure. 

fraction D-Ia b.p. 

fraction 0 ... 11, b.p. 

fraction D•Ic b.p .. 

fraction D-Id b.p .. 

fraction D-Ie b.p. 

65-70 
o· 

70 ... 73 
0 

73-75° 

75-80 
0 

65-70 
0 

(1.0 mm.) 

(1.9 mm.) 

(l.O mm.) 

(LO mm.) 

(1.0 mm.) 

29% 

13% 

15% 

30% 

12% 
99% 

About one-half gram of undistilled residue remained and was discarded. 

Gas chromatography (Aeregraph Hy-Fi) using a 10% silicone rubber 
0 

column (10 ° x 1/8") at 180 (hydrogen flow 30 ml ./min., nitr,qgen flow 

30 ml./min.) indicated that fractions D-Ia and D-Ib were mixtures of 

similar composition, differing only in the relative amounts of the 

components. Fraction D•Ic exhibited three peaks of comparable size, 
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but different from those in D•Ia and D-Ib. Fraction D·Id showed only two 

peaks, both of which were different than any of those of the previous frac= 

t.ions, in the :i:'at:i.iQJ of abt0ut 4:1 9 and fraction D=Ie was a complex mixture, 

Ketone f:racti«m E (29 g.) was chromatogt·aphed on 500 g. of activity 

II Merck acid=washed alumina. The c@lumn was eluted with solvents of 

increasing polairy until less than 50 mg,/100 ml, was eluted. 

eluent weight of eluate. g. 

li.groin 2.9 

ligroin=benzene(l:l) 15 

benzene l 

7 

methanol 3 
total :recovered 28.9 

When the solvent f:rooi the Hg:roin fractfori. w~s evaporated, the 

residue solidi:fi.ed" and t:he infrllll:r.ed spec.u·um of this solid, m.p. 78=80°, 

was the same as the infra:red spectrum of ketone I (dehyd:rotremetone). 

and the 1::1.g:i:'oinQbenzene :fraction exhibited toxicity, The ligroinc,benzene 

fract:ton W.iJs then rec:hr.'om.&itographed on 500 g, of activity I Merck acid= 

~eight of eluate. g, 

benzene Jl.5(()J((l ml, 0,2 

13 

H!OO m1L. l ---tOt$l recovered· 14,2 



54 

The above benzene fraction deposited crystals, m.p. 246-8°, when 

the solvent was removed, and these were designated ketone II. The 

benzenechloroform fractiOlil gave a viscous yellow oil, while the chloro"' 

form fracti<>n gave a dark red oil. The fractions were tested for bacter"' 

iostatic action and only the benzene-chloroform fraction showed toxicity. 

The infrared spectrum of this fraction indicated a strong hydroxyl band, 

a strong conjugated carbonyl ba~d and aromatic bands similar to those· 

in ketone I., This material was designated ketone III (texol) .~ 

Non-ketone fraction F 

Non-ketone fraction F (50 g.) was chromatographed on 500 g .. of Merck 

acid0 washed activity II alumina. The ligroin. fraction (750 ml.) deposited 

600 mg. of crystalline solid, m.p. 265-709 , when the solvent was removed. 

The infrared spectrum of this solid conta:i,ned a strong hydroxyl band and 

bands similar to those fou:nd in steroids., The remaining material elµted 

from the column was not investigated. 

This same material could be obtained during the separation of the 

ketonic and the non~ketonic fractions. When the aqueous carbonate solu= 

tion was extracted with an equal volume of ether, a solid precipitated 

at the interface. This solid was separated by filtration. Its infrared 

spectrum indicated that it was the same as the material descr~bed above. 

If the carbonate solution was repeatedly extracted with ether all of the 

solid dissolved in the ether and the steroid was then obta~~ed by chrom= 

atography as indicated above. This material was r·eferred to as Steroid 

I., 



Fraction G (chart C3 P• 11) 

Fraction G (34 g.) was chromatographed (adsorption) oa 306 g. of 

Flori-sil. The column was eluted with selvents ef i:acreasing polarity 

until less than 50 mg./100 ml. was eluted. 

eluent weight of eluate, g, 

benzene l 

ether 11 

chloroform 15 

methanol 6 

total 33 
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The ether fraction was the only fraction that inhibited bacterial growth. 

The infrared spectrum of material obtained on evaporation of the ether 

fraction was nearly the same as the spectrum of toxol obtained from 

fraction E (see P• 16). 

When fraction G (22 g.} was chrom.atographed (adsorption) on 300 g. 

of alumina (act. I) only the benzene-chloroform (1:1) fraction (16 g.) 

inb.ibited bacteJ:"ial growth. This fraction was rechromatographed (parti .. 

tion) on 300 g. ef Florisil, prepared by adding 185 ml. of 95% methanol 

saturated with ligroin (b.p. 60·80°, statiQnary phase) to the Florisil 

and allowing the mixture to equilibrate overnight and then packing the 

column. Toxol was eluted with ligroin saturated with 95% methanol 

(mobile phase) in fractions 11-25 (250-ml. fractions); 8.2 g. was 

obtained. These fractions inhibited bacterial growth and the other 

fr~etion.s did not. 

. <I 
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PURIFICATION AND PROPERTIES OF INDIVIDUAL COMPONENTS 

Fraction B (chart B, po 7) 

To a solution of 14 g. of fraction Bin 30 ml. of methanol_ was 

added 20 ml. of a saturated solution of lead acetate in methanol. The 

resulting precipitate was removed by filtration, then suspended in 50 ml. 

of methanol and a stream of hydrogen sulfide was passed through the sus~ 

pension for one houro The resulting lead sulfide was removed by filtra .. 

tion, and the methanol filtrate evaporated to dryness to give 8 g. of a 

solid. Recrystallization of this solid from methanol gave 6.5 g., m.p. 

68~70°; when mixed with an authentic sample of stearic acid, m.p. 69•70°. 

Tb.e infrared spectrum was identical with the infrared spectrum of stearic 

acid previously reported (68) •. 

The filtrate remaining after removal of the lead stearate was 

diluted with 500 ml. of water, acidified with hydrochloric acid and 

extracted with ether. The ether was dried (MgS04) and evaporated to 

leave 6 g. of a dark green oil. This oil was dissolved in ether and 

treated with an ether solution of diazomethane; the excess diazomethane 

was allowed to evaporateo ~e solution was analyzed by gas chromatography 

using a 10 1 x 1/411 5% SE-30 column at 225° (helium flow rate 75 mL/mino)o 

Only two peaks were detected; the retention times corresponded to the 

retention times of methyl myristate (81%) and methyl laurate (19%) as 

determined by injecti.@n of authentic sampleso 
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Fraction C (chart B. p. 7) 

A solutiQn of 78 g. of fraction Ci~ 200 ml. of methanol was added 

to 400 ml. of a solution containing 65 g. of BF3/590 ml. methanol. The 

solution was refluxed for 15 minutes, cooled, diluted with 6@8 ml. of 

water, made basic with potassium hydroxide (pH 10), then extracted with 

ether. The ether extract was dried (Mgse4) and evapGrated tQ give 28.8 g. 

of viscous oil. Tb.e basic solution was acidified with nydrochloric acid 

(pH 2) and extracted with ether. Tae ether extract was dried (MgS04) and 

evaporated to give 40 g. of a waxy residue. A solution of 2 g. of this 

residue in 20 ml. of ether was treated with an ether solution of diazo-

methane. The excess diazomethane was allowed to evaporate. The esters 

prepared both with BF3 in methanol and with diazl!Mllethane were analyzed 

by gas chromatography. 

Esters 

Methyl hexanoate 

Methyl octanoate 

Methyl laurate 

Methyl myristate 

Methyl palmitate 

Methyl liuoleate-

Columns 

10' x 1/4" 5% SE~30 
He flow 73 ml./min. 

11' x V4ia Craig 
pQlyester suceinate 
He flow 75 ml./min. 

ret.ention time (sec.) 

80 98 

91 157 

120 210 

165 345 

270 645 

429 

Avg .. 
per 
cen.t 

32.4 

28.0 

15.1 

7.5 

7.1 
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by diazomethane 

Methyl hexanoate 80 98 11.9 

Methyl octanoate 91 157 7 .7 

Methyl laurate 120 210 13o3 

Methyl myristate 165 345 11.1 

Methyl palmi.tate 270 645 56.0 

d~ Limonene 

The methanol that was recevered from the extraction of rayless 

goldenrod was diluted with an equal volwne of water. The resulting 

milky solution was extracted continuously with ligroin. The ligroin 

extract was dried (MgS04) and the solvent distilled thr(!))ugh a 59 cm. x 

1.5 cm. Vigreux column. Gas chromatography of the residue (5% SE-30~ 

at 90°, H2 flow 30 ml./min., N2 flow 30 ml./min.) showed one majer peak, 

about 60%, and several smaller peaks of about equal concentrationo The 

material was distilled, b.p. 45-60° (4.5 mm .. ), and the distiJlate shown 

to consist of about 80% one component by gas chromatography using the 

conditions outlined above. The distillate was redistilled, b.p. 52=55° 

(4.5 mm.), and this distill-!51te was at least 95% one component as indicated 

by gas chromatography. The retention time was the same as the retention 

time of an authentic sample of limonene. The infrared spectrum and the 

n.m.ro spectrum were the same as the corresponding spectra of limonene. 

The optical rotation~ [a.Jn+l45.l.0 (c~ 4.2; ethanol), was simihr t<QJ that 

reported (18) [a.Jn+l26.8 for d=lim@lnene (IV). 
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Steam-volatile fractions Dm!a and D·Ib (seep. 19} 

Because fractions D·Ia and D·Ib showed similar gas chromatograms 

they were combined (19' g.) and chromatographed on 500 g. of Merck acid ... 

washed alumina (act. I). The column was treated with solvents of 

increasing polarity until less than 59 mg./100 ml. was eluted. 

eluent weight ef eluate g •. 
I 

ligrein 3 .. 4 

ligrain•benzene (1:1) 0.3 

benzene 4.8 

benzene-chloroform (l:l) e.1s 

ehleraform 9.0 

Total 18.25 

The ligroin fraction showed four peaks in its gas chromatogram. 

(lQ' x 1/811 ,. 19% silicone rubber column, at 180°, Aerograph Ry•Fi, H2 

flew 30 ml./min.~ N2 flow 30 ml./min.); one of these peaks had the same 

retention time as authentic lincm.ene (alone and on admixture). The 

ligroin-benzene and benzene fractions were complex mixtures. The be~zene-

chloroform fraction gave a compeund that was about 90% pure; the reten .. 

tion. time of this was the same.as the retention time of carvone (alone 
,:.,. '" I 

and on admixture). The. infrared spectrtiiii was nearly identical with that 

of an authentic sample.: The optical rotation <.(a.Jn-58° (c, 1.8; ethanol), 

reported for carvone (19), [0.Jn-62°) indicated that the material was 1 .. 

carv(ln.e (V). 

The chlor~form fractiOtl.'. gave a .semi .. crystalli~e. solid\ whic_h co11ld 

not be fUrified by vacuwn sublimation. It was easily recrystallized fram 
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0 0 . 
ligroin at -70 to give m.p. 207-208 (sealed capillary), reported for 

borneol (20) m.p. 204~2059 • A mixed melting point with an auth~nti~ 
I 

sample of borneol was not depressed. The infrared spectrum was iden-

tical with the infra.red spectrum of an authentic sample. The optical 

rota~ion na.J»·25.4°, c, 2.3; methanol) was similar to that reported 

(21), [O.JD .. 33.1, for l•berneol (VI). 

Fraction D·Id (see po 20) 

Fraction D•Id showed two peaks in its gas chromatogram (10' x l/8'' 

silicone rubber, Aerograph Hy-Fi, at 180°, Hi flow 30 ml./min., Na flow 

30 ml./min.) in the approximate ratio of 4:1. The larger peak had the 

same retention time as caryophyllene. Caryophyllene (VII) has been 

* isolated from rayless golde~rod; therefore, no attempt was made to 

further purify the caryophyllene. The other fractions obtained from 

the steam-volatile oil were not investigated. 

Ketone I, Dehydrotremetone 

Ketone I (4 g.) obtained oy chromatography of fractions E and G 

was dissolved in 10 ml. of ligroin and the solution cooled overnight at 
() 

0. The resulting crystal, were filtered out to give 2.9 g.; rec:rystall= 
;{ ._ .. : ....... - .. 

-I 

izatien :from, ligrein gave 2~5 g., m.p. 85°86°; reported for dehydrotrem• 

etone (11,12) m.p. 1 87.5-88.5°. the infrared spectrum. was the same as 

that reported (11). 

* L. H. Zalkow and G. Cabat, unpublished results. 
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Ketone II. Friedelin 

Ketone II, obtained by chromatography of fraction E, was a crystalline 

solid as obtained fr«lml the chromatography col1,unn. When the crystals were 

washed with ligrein all color was removed; the melting pig,int (245.,,246«ill) .... . . 

indicated that the mat,carial was p,u:e, and so no further purif'icJtion was 

attempted. Ketone II gave a negative tetranitromethane test and had an 

optical rotation. of (0. J»m2l O (c, 1.1; CHCl3). Reported for friedelin (23): 

m.p. 245-246°, [a.]1-21°. 
KBr 

Amax 5.82, 6.86, 7.18 µ; n.m.r.: seven peaks between o@.9 and 61.4. 

Oxime of ketone II 

A solution of 33 mg. of ket,one II in 20 ml. of absolute ethanols 20 

ml. of benzene, 1 ml. of pyridine and 80 mg. of hydroxylamine hydrochloride 
i 

was refluxed for two hours. The solution was cooled, diluted with water, 

extracted with ether and the ether extract dried (MgS04) and evaporated. 

The residue was recrystallized from chloroform-ethanol t~ give 16 mg., 

m.p. 277-278° (d), [a.Jn+57 .t0 (c, 0.91; CHC13). Reported for the oxime 

of friedelin (23); m.p. 280-2819 (d), [a.Jn+S6°. 

Enel benzoate of ketone II 

A s0lution ef 50 mg. of ketone II in 1 ml. of benzeyl chloride was 

heated at 185° for two hours, co@led a~d diluted with 5 ml. of absolute 

ethanol. The resulting crystals were c(i)jllected by filtrati11,J1m; recrystdl= 

ized from cb.1Dre£orm .. ethyl acetate gave 25 tng. & m.p .. 257-258'\ [O.J»+57 .1 ° 
(c, 0.85; CJi!Cl3). Reported for th;~ enol benz@late of friedelin (23) ~ :m.p. 

0 . <Cl 
255-256 Ir [O.J»:f-57 0 
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Steroid I 

Steroid I (IX), isolated either by separation ef tae ketonie and 

non=ketonic fractions or by chromatography of t~e non-ketonie fraction 

F, was difficultly soluble in common organic solvents. However, it was 
--

easily soluble in pyridine from which it was recrystallized to give 

m.p. 286-286° with previous' melting at 265°, [aJ»-16.59 (c, 9.72; CHC13). 

Steroid I gave a negative tetran~tromethane test. The limited solubility 
KJ3r 

of steroid I prohibited obtaining its n.m.r. spectruni; Am.ax 2.9 µ. 

Toxol 

Toxol obtained by chromatography of either fractien E or fraction G 

was distilled at 11@0 (0.95 mm.). the distillate solidified en standing 

at room temperature for a week. The solid material was recrystallized 

• from. ether~ligroin to give m.p. 59•51; an analytical sample was obtained 

0 by recrystallization repeatedly from ether.,.ligroin to give m .. p. 52 .. 53 , 

caJ»-2s.1° (cp 1.34; methanol). 

~. Calcd. for C13R1403 : C, 71.54; H, 6.47. Found: c, 71.64; 

11-,_ 6.51. 

K:Br 
~ax 3.9, 5.98, 6.,03, 6.22 µ..; Amax 223 mµ.j loge 4 .. 02; Amax 213 mµ .. 

l9g e 4.13; n.m.r. Ol.66 (methyl on deuble bond) 8 62.36 (methyl ketone)~ 

64.95 and 64.84 (5 protons), 66.72 and 67.70 (aromatic). 
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STlUCTtmAL STlJD!ES 

Structure of Steroid I 

Steroid I triaeetate (X) 

.A solution of 12.5 mg. of sterc,id I (IX) in 1 ml. of pyridine and 

0.5 ml. of acetic anhydride was stirred overnight. The solution was 

diluted with 10 ml. of water and the resulting crystals collected by 

filtration. Recrystallization from methanol gave 14 mg. of steroid I 

l l o .. ( J · o ( . ) - Dr acetate, m.p. 68~ 69, a Di-8.l e, 0.91; CHC13 , ~ax 5.7 µ. 
·•··· 

~· Calcd. for c25H38o6: C, 69.22.; H, 8.78. Found: c, 69.34; 

R, 8.94. 

Preparation~of 5a.-Androstan.e (XII) from steroid I 

To a solutien of 50 g. of steroid I in 20 ml. of pyridine was added 

o.s g. 0£ P"'toluenesu.lfonyl chler.ide and the solution was stirred ever 

night. After dilutien with water 9 the resulting precipitate was collected 

by filtration. The precipitate was dissolved in 20 ml. of ether and 200 

mg. of lithium alu.m.inwn hydride added; the s,lution. was then stirred fer 

twenty-four hours, the cOlllplex destroyed with water and 18'%. sulfuric acid, 

and the solution extracted with ether. The ether extract was dried (MgSG4) 

and evaporated to give a waxy solido This solid was dissolved in 21 ml .. 

of ligrein and the solution washed with concentrated sulfuric acid to 

remove any oxygenated or unsaturated compounds$ then w~shed with watero 

The ligroin solution was dried (MgS04) and the solvent r,~oved to give 
. 0 0 

6 mg. of Sa.-androstane. m.p. 45·46 ·, reported (23) m.p. 48..,49 • 



Preparation of 5CX.-Andr·ostane (XII) from 50.-androstane-3, 17-dione* 

To a solution of 15 mg. of 50.-androstane-3,17-dione in 25 ml. of 

diethylene glycol was added 3 ml. of 95% hydrazine and the solution 

was reflt;UC;ed for twenty-four hours. After dilution with water and· 

extraction with ether, the ether extract was dried (MgS04) and evap­

orated to give 10 mg. of sa. ... androstane (XII), which showed~ af_ter 
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recrystallization from ligroin, m.p. 46-47° alone and on admixture with 

that obtained fr0m steroid Io Gas chromatography (Aerograph Hy=Fi, 

10' x l/811, 5% SE-30 column; 220°, Hz flow 30 ml./min.; N2 flow 30 ml./ 

min.) gave only one peak (retention time 8 min.) with either the material 

obtained fr~ steroid I, or the material obtained fr.om the dione or 

admixture of the two. 

sa.-Androstan-17@-ol-3-one-17-hexahxdrobenzoate (XV) 

A solu.tion of 1.5 g. of 50.=androst.an-17~=ol=3=one l1~benz0ate (XIV) 

in lOG ml. of acetic acid was hydrogenated in the presence of 200 mg. of 

Pt02 at atmospheric pressure; slightly more than three molar equivalents 

of hydrogen. were absorbed in 1..5 heurs. The catalyst was removed by 

filtration and 1 g .. of chromium trioxide in 10 ml .. ef 80% aqueous acetic 

acid was added and the solution stirred for two hours. The solution was 

diluted with one liter of a saturated solution of sodium carbon.ate 9 then 

extracted with chloroform. The chlot'oform extract was dried (MgSl04) and 

evaporated .to give 1.2 g. of residue. The residue was recrystallized from 

-,"( Donated by Dr .. J .. Martin, Microbiology Department 9 Oklahoma State Univo 
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chloroform-methanol to give 5a.•andrastan•l7~-ol•3•one 17-hexahydrobenzcate 

(XV), m.p. 138-1398 , (O.]JJt259 (c, 0.79; CRCl3), reported (25) m.p. 138-139°, 

(O.Jnt26°. 

6 16 sa.~androsten~3-one (XVI) 

The hexahydrobenzoate was heated at 265° and 150 mm. pressure for 

four hours!) after which 10 ml. of 10% potassium hydrox.ide in 95% ethanol 

was added and the solution refluxed for four hours. The solution was 

diluted with water and extracted with ether. The ether extract was dried 

(MgS04) and evaperated to give 1 g., 0£ a glassy solid. This was chromato .. 

graphed on 20 g.,: of Merck acid-washed alumina (act. III); elution of the 

column with ligroin-benzene (3:1) afforded 600 mg. of solid. Sublimation 

of this material at 115° (0.05 mm.) gave 150 mg. of 6 16 50.-andresteng3~ 

one (JV:0, IB•P• 140-141°, [a.Jni-35° (c, 7.3; CHC13); reported (26) m.p. 

140-141 o, ca. Jn+t·38°. 

Al6 
~ sa.-Androsten-3S~ol (XVII) 

Al.6 ,., • ( ) To a solution of 100 mg. of ~ s~-androsten-3-one XVI in 10 ml. 

of ether was added 100 mg. of lithium aluminum hydride and the solution 

stirred for four hours at room temperature. The complex was ,ecompesed 

with 5 ml. of water and 10 ml. of 5%_hydrochloric acid. The solution 

was extracted with chloroform, the chloroform extract was dried (MgS04) 

and evaporated. The resulting residue was recrystallized from methanol 

and then sublimed at 100° (@.95 mm.) to give 49 mg. of 6.16~sa~androsten-

3~·o1 (XVII), m.p. 126ml27°, [aJn+l6.1° (c, 1.6; CHC13); reported (li) 
0 . 0 

m.p .. 127 , [a.]nfl5.9 • 
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16 
To a solution of 25 mgo o:f 6. ~5o...,androsten"'3~~ol (XVII) in 2.() 

ml. of absolute ether was added 100 mg., of osmium tetroxide in 2.0 mlo 

of ether containing 100 mg. of pyridine, and the solution allowed to 

stand overnight. The solid which had precipitated was filtered out and 

then dissolved in 2.0 ml. of l!J:sodium hydroxide containing 100 mg. of 

mannitol and the selution was stirred for five hours at room temperature. 

The resulting solid was collected by filtration. and dissolved in 200 ml,, 

of ether; the ether solution was washed with 5% potassium hydroxide then 

water and finally dried (MgS04) and evaporated to give 17 mg. of crystalline 

5o.~androstane-3S,16a,17u~triol (IX), m.p. 284~286° with previous melting 

The infrared spectrum was identical with that of steroid I obtained from 

rayless goldenrod and the melting point was not depressed when the two 

samples were mixed. 

Structure of Toxol 

T~ol acetate (XIX) 

Toxol acetate (XIX) was prepared by dissolving to~ol (XVIII) in lG 

ml. of pyridine and 2 ml. of acetic anhydride and stirring the solution 

overnighto The solution was diluted with 100 ml. of water and ~tracted 

with ethero The ether extract was washed with 5% hydrochloric acid, then 

wit~ water and finally dried (Mgso4) and evaporated to give a viscous 

yellow oil. Distillation of this oil gave the acetate as a colorless oil, 
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o . . e , film b.p. 70-75 (0.05 mm.), [o.]0~76 .. 4 (c~ 1.4; metha.nol) "max 5.75, 5.95~ 

6.21, 7 .92 and 8.,15 µ; n .. m .. r. 61. 75 (methyl on double bondL 62 .. 01 (methyl 

ketone), 62.40 (acetate methyl), 64.90 (center of multiplet:;, 3 prl!J)tons: 

2 vinylic, l on ether carben) ~ 65.93 (doublet, J =3 cps.~ proton under 

acetate), 06.8 and 7.8 (ml;lltiplets, 3 aromatic protons). 

~. Calcd. for c15H16o4 : c, 69.17; H, 6.19. Found: C, 69.41; 

H, 6.47. 

2,4-Dinitrophenylhydrazone of toxol 

The 2,4-din:ltrophenylhydrazone ef toxol was prepared by adding 67 

mg. of t~xol in 10 mL of methanol to 9() ml. of a solution prepared by 

dissolving 3 g. of 2,4 ... dinitrophenylhydrazine in 270 ml. of methanol and 

30 ml. of concentrated hydrochloric acid.. The ~recipitated det'ivative 

was filtered out and then chromatographed on Merck acid-washed alumina 

(act. I). The derivative was eluted with benzene and then recrystallized 

from ethanol .. water (4:1) to give 105 mg. of the derivative., m.p .. 176.,,177°. 

The infrared spectrum showed no carbonyl band. Amax 389 mµ, log e 4.39 .. 

m1al. Calcd. for c19H18N4o6: c, 57 .. 29; H, 4.55; N~ 14.07. Found:; 

C, 57.14; H, 4.75; N, 13.75~ 

Iodoform test on toxol and toxol acetate 

Treatment of toxol in dioxane·water (1:1) with 10% sodium hydroxide 

and a solution containing lg. l@lf iodine and 2 g. of potassium iodide in 

10 mL of water gave a yell<;>w precipitate .. The.isolat~d precipitate had 

m.p. 117-118°; mixed m.p. with an authentic sample of iodoform was 117e 



68 

When toxel acetate was treated similarly~ it also gave a precipit.ate 

of iodoform~ identified by melting point and mixed melting point with an 

authentic sampleo 

Dehydration of toxol with hydrochloric acid in dioxane 

A solution of 10 ml. of 5% hydrochloric acid was added to a solution 

of 216 mg. of toxol in 10 ml. of dioxane and the resulting solution was 

refluxed for twenty:-four hours. The solution was then cooled and diluted 

with 100 ml. of water and extracted with ether. The ether extract was 

dried (MgS04) and evaporated to give 199 mg. of a yellow oil. This oil 

was distilled at 100° (0.05 mm) to give a distillate which solidified. 

Recrystallization from ether-ligroin (2 :1) gave m .. p. 105 .. 108°. The. infra= 

red spectrum was very similar to the infrared spectrum of dehydrotremetone 9 

0 
m.p. 85-86. 

Dehydration of toxol with sulfuric a9id i~ acetic acid 

Toxol (100 mg.) was dissolved in 10 ml. of acetic acid; to this 

solution was added 3 drops of cencentrated sulfuric acid, and the solu= 

tion was heated on a steam bath for 10 minutes. After dilution with 150 mL 

of water and extraction with ether, the extract was dried (MgS04) and evapQ 

orated to leave 75 mgo of an oilo The oil could not be distilled at 100~ 

(0.,05 mm.) and attempts to crystallize the material fai.le'd. .. The infrared 

spectrum was identical with that of the material obtained by treating 

toxol with hydrochloric acid. 
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Pyrolysis of toxol acetate 

A solution of 278 mg. of toxel acetate in 10 ml. of benzene was 
t!J) 

passed through a 1.0 x 25 cm. column packed with glass helices at 225 

in a nitrogen atmosphere. The soluti©n was then washed with water and 

dried (Mg~o4) and the solvent evaporated to give 200 mg. of a yellow 

oil. This oil was distilled at 95° (0.@5 mm.); the infrared spectrum 

of the distilled oil was the same as the infrared spectrum of the material 

obtained by treating toxol with acid. 

Treatment of toxol with iodine, Preparation of Dehydrotremetone. 

Toxol (900 mg.) was heated at 126° in the presence of a crystal of 

iodine f111>r .3@ minutes. The mixture was cooled and dissolved in benzene, 

and then chromatographed on 50 g. of Merck acid-washed alumina (act. I). 

Dehydratremetone (81 mg.) was eluted with benzene and identified 'by melting 

point (84·85~) and by infrared spectral comparison with an authentic 

sample. The material eluted with chloroform (540 mg.) had an infrared 

spectrum which was the same as the infrared spectrum of the material 

obtained by tieating toxol with acid. 

Treatment of dehydrotremetone with iedine 

Dehydrotremetone (1.0 g.) was heated at'l209 with a crystal of iodine 

fo-r 30 minutes. The solution was cooled and dissolved in benzene 9 and 

then ehromat0graphed 0n 50 g. ef ,Merck aeid ... washed alumina (act. I).. The 

material eluted with chloroform (600 mg.) had an infrared spectrum that 
. . 

was the same as the infrared spectrum of the material obtained by treating 

toxol with acid. 



Photolysis of ~ehxdrotremetone 

A solution of 2 g. of dehydrotremetone in 400 ml. of ligroin was 

ph.otolyzed using a 200-watt mercury arc lamp with a qua:rtz filter, for 

four hours; during the photolysis a crystalline solid precipitated 

continuously. This solid was removed by filtration; when the filtrate 

was eonc1;ntrated to 50 ml., a small amount of additional precipitate 

was obtained. This was collected by filtration and added to the orig= 

inal precipitate, m.p. 175~177°. The infrared spectrum was identical 

with that of the material obtained by treatment of toxol with acid. 

The molecular weight, determined by the Rast method, was 1394 and 1388~ 

indicating that the material was a polymer with seven units of dehydro= 

tremetone in the chain (M. W. ll}00). 

Hydrogenation of toxol with palladium~on•charcoal 

A solution of 723 mg. of tex.ol in 20 ml. of 95% ethanol was hydr1Q1= 

genated at atmospheric pressure using 7 5 mg. of 10% pdl.adium"\Cln c.haxtcod 

as catalyst. The solution absorbed 3.84 moleiSI of hydrogen per mole of 

ketone. The catalyst was removed by filtration and the solvent evaporated 

at reduced pressure. The infrared. spec.t:rum of the product showed n«:i cii!ir= 

bonyl band. This material was not investigated :further. 

A solution of 511 mg. of toxol in 20 ml. of 95% ethanol w.as hydro= 

genated at atmospheric pressure using 50 mg. o:f 2% pa.Uadium=on calc.ium 

carbonate as cat,slyst. The solution absorbed 1.61 moles of hydrog .. ~n per 
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mole of ketone. The catalyst was removed by filtration and the sol.vent 

evaporated at reduced pressure to give 420 mg. of a viscous oil. The oil 

was distilled at 110° (0.05 mm ... ). Elemental analysis of the distillate 

indicated that it was a mixture of dihydrotoxol and a material that had 

undergone hydrogenolysis. 

!!!!!.· Found: C, 73.54; H, 7.81, which corresponds to 60% C13H1603 

and 40% c13H1602• 

~ydrogenation of toxol with rhodium-on-alumina 

A solution of 534 mg. of toxol in 20 ml. of 95% ethanol was hydro• 

genated at atmospheric pressure using 62 mg. of 5% rhodium-on-alumina as 

catalyst. The solution absorbed ene mole of hydrogen per mole of ketl!ilne. 

The catalyst was rem~ved by filtratiGn and the solvent evaporated at 

reduced pressure to give 412 mg. of a viscous oil. The oil was distilled 

0 0 
at 90·95 (0.05 mm.) to give dihydrotoxel (JO{), [a.JD"'l07 (c~ 1,.1; meth"' 

anol). film 
>.. 2.96, 6.01 and 6.22 µ •.• n.m.r. 60.9'7 (doublet, J=i cps.~ max · 

isopropyl group), 62.35 (methyl ketone). 

Dihydr@toxel acetate (XXI) 

To a solution of 200 mg. of dihydrotoxol in 20 ml. of pyridine was 

added 2 ml., .ef acetic anhydride and the solution stirred overnight~ then. 

diluted with 100 ml. of water and extracted with ether. The ether extract 

was washed with 5% hydrochloric acid, water, then dried ~MgS04) and evapQ 

orated to give 195 mg. of viscous eil. This oil was distilled at 100=105° 
0 . 

(0.05 nun.) to give dihydrotoxol acetate (XX.I), [a]D=l64 (c, 1.7; methanol). 
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The same material was obtained when toxol acetate was hydrogenated 

using rhodiumwon ... alumina as catalyst.. 

2,4=Dinitrophenylhydrazone of dihydrotoxol 

A solution of 25 mg. of dihydrotoxol in 10 ml. of methanol was added 

to 20 ml. of a solution containing 1 g. of 2 ,4=dinitrophenylhydrazine in 

90 ml. of methanol and 10 ml. of hydrochloric acid. The precipitated 

derivative was collected by filtration, dissolved in benzene and chroma~ 

tographed on Merck acid-washed alumina (act. I) and then recrystallized 

0 
from ethanol, m.p. 215 ... 216. The infrared spectrum contained no carbonyl 

band. 

Anal. Calcd. for C1gH1805N4 : C, 59.67; H, 5.03. Foundi C, 59.76; 

H, 5.35. 

Oxidation of toxol to S~acetylsalicylic acid (XXIYl 

To a solution of 180 mg. of toxol in 10 ml. of acetone was added 50 

mL of 5% potassium permanganate in acetone solution and the solution was 

heated :for thirty minutes on a steam bath. After dilution with 100 ml. 

of 5% hydrochloric acid, a saturate~ solution of sodium sulfite was added 

slowly until the solution became colorless. The acetone was distilled out& 

and the aqueous solution extracted with ether. The ether extract was 

dried (Mgso4) and evaporated to give 74 mg. of S=acetylsdi.cyUc acid (XXIV) 9 

@ 0 
m.po 208=210 , mixed with an authentic sampJLe 3 m.p~ 206,..,21;,!7 o Tbe infra= 

red spectra of the two samples were identical. 
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To a solution of 160 mg. of toxol in 10 ml. of acetic acid was added 

796 mg. of chromium trioxide. The solution was stirred for twenty-four 

hours, then diluted with water and extracted with ether. The ether extract 

was washed with water and then dried (MgS04) and evaporated to give 20 mg. 
0 0 

of 5-acetylsalicylic acid (XXIV), m.p. 207-209 , mixed m.p. 206-297 with 

an authentic sample. The infrared spectrum was identical with the spectrum 

of an authentic sample. 

4-Hydroxyisophthalic acid (XXV) from. S=acetylsalicyclic acid 

To a solution of 50 mg. of 5-acetylsalicylic acid in 20 ml. of 20% 

sodium hydroxide was added an excess of a solution containing lg. of 

iodine and 2 g. of petassiwn iedide per 10 ml. of water. The resulting 

precipitate was removed by filtration and the filtrate acidified with 

hydrochloric acid; sodium bisulfite was added to remove the excess iodine. 

The precipitated acid was collected by filtratian and recrystallized fr@m 
Q 

ethanol to give 4~hydroxyisophthalic acid (XXV), m.p. 304-307 , rep0rted 

0 (40) m.p. 305~306. 

Ozonolysis of toxol 

A stream of apprexi~ately 1% ozone in oxygen was passed through a 

0 
solution of 294 mg. of toxol in 5 ml. of dihloromethane at 0 70 until 

the solution became blue. The solution was then warmed to room temper-

ature and 10 ml. of water and 0.5 g. of zinc dust were added; the solu~ 

tion was stirred for four hours and then extracted with water. The 

aqueous extract was added to 10 ml. of a saturated solution of dimethone. 

The resulting precipitate was collected by filtratier4 and gave a 38% yield 
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0 
of the dimetho~e derivativ~ of formaldehyde 9 m.p. 191Ql92 alone and on 

admixture with an authentic sample. 

The dichloremethane solutien was dried (MgS04) and evap@rated to 

give 215 mg. of a yellow oilo Distillation of this oil at 140° (0.04 mmo) 

gave a solid distillate. Recrystallization from methan0l•water (3:1) gave 

0 
2,5-diacetylb~nzofuran (XXII), mop. 139~140, al0ne or @n admixture with 

an authentic sample p:repared from dehydrotremetone. 

62.63 and 62,.66 (methyl ketones). 

5.03. 

Ozonolysis of toxol acetate 

A solution 0£ 273 mg. of toxol acetate in 40 ml. of tetrahydrofuran 

was ozonized with a stream of about 1% ozone in oxygen at -70Q until the 

solution turned blue. The solution was warmed to room temperature and 50 

ml. of water and 0.5 g. of zinc dust were added and the solutien stirred 

for four hours and then extracted with ether,; the aqueous phase was added 

to 10 ml.. of a saturated solution of dimethone. The resulti11g pre~ipiUte 

was filtered to give a 33% yield @f the dimethone derivative wf f~l'lllalde= 

' 0 
hyde, m.p. 191=192 alone and on admfxttire with an authentic sample. 

The te.trahydrofu:i;-an phase was d:i::·ied (MgS04) and the s,9lvent evap@~ 

0 
r·ated te give 205 mg. of an oil. The oil was distilled at 140 (0.04 mm.) 

t~ give a solid distillate. Recrystallization from methan<Dl=W<Bite:r gave 

2,5 ... diacetylbenzofuran (XXII)l) m.p. 139=14G0 alone and on admixture with 

an. authentic sample. The infrared and n.m.r. spectra we:re identical with 
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those of an authentic .sample. 

2,5~Diacetylbenzofuran from Dehydrotremetone 

A solution of 767 mg. of dehydrotremetone in 15 ml .. of diexane 

containing 6 drops of pyridine was added to a solution of 1.0 g. of 

osmium tetroxide in 15 ml. gf c;lioxane. After standing in tlie dark for 

12 days hydrogen sulfide was passed through the solution for 1 hr. and 

the solution filtered. The precipitate was washed with hot ethyl ace~ 

tate and the combined filtrates were cQncentrated. The residue was then 

taken up in 25 ml. of acetic acid to which 1.5 g. of lead tetraacetate 

was added. After standing overnight, the solutionwas diluted with 200 

ml. of water, and then neutralized with sodium bicarbonate and finally 

extracted with ether. Th,e ether layer was extracted with 5% potassium 

hydroxide to remove phenolic material and after drying ovet" sodium sul­

fate was evaporated to give 251 mg. (35%) of 2,5-diacetylbenzo;furan 

which after recrystallization from methanol-water had m.p. 139=141J>0 • 

Anal. Calcd. for C1zRu)03 t C, ?L27; H, 4.980 Found~ C, 71.10; 

H, 5.03. 

The n.m.r. spectrum showed the four aromatic protons in the regiGn 

450 to 500 cop9s .. dewnfield from tetramethylsiLane and the protons ©f 

the two acetyl groups appeared as two peaks (total of 6 protons) at. 

62.62 and 62 .. 65. 

Dihydrotreme tone (XX III) f·r<001 dihydrotox@l 

A solution of 500 mg .. of dihydrotoxol in 20 ml. of 95% ethanol was 



76 

hydrogenated at atmospheric pressur~ using 65 mg. ef 10% palladium-on= 

charcoal catalyst. After the uptake of one molar equivalent of hydrogen, 

the hydrogenation was stopped. The catalyst was removed by filtration 

and the .solvent evaporated at reduced pressure. The residue was dissolved 

in 50 ml. of ether, and the solution poured through a o.s x 2 cm. column 

of Merck acid-washed alumina (act. I). The solvent was evaporated and 

0 
the resulting residue distilled at 65 (0.05 mm.) to give 97 mg. of di· 

0 0 
hydrotremetone (XXIII), [aJ»·43 (c, 2.71; ethanol),reported (12) [~J»·47 • 

The infrared spectrum was identical with the spectrum of racemic dihydro• 

tremetone obtained by the hydrogenation of dehydrotremetone using 10% · 

palladium-on-charcoal catalyst. 

Ozonolysis of toxol in acetic acid with......,!% ozone 
5 

A stream of about 1% ozone in oxygen was passed through a solution 

of 1.56 g. of taxol in 60 ml. of acetic acid at room temperature for 25 

hours. A 30% solution of hydrogen peroxide (8 ml.) was then added and 

the solution stirred for 18 hours, then palladium•onmcharcoal was added 

to destroy the excess hydrogen peroxide and the solution stirred for two 

hours. After filtration, the solvent was evaporated at reduced pressure 

to give a viscous residue. The residue was esterified with diazomethane 

in ether and the excess diazomethane was allowed to evaporate. The ether 

was evaporated and the resulting residue was added to 25 ml. of a 20% 

sodium hydroxide solution and enough iodine added to impart the color of 

iodine to the solution. The solution. was filtered to remove iodofo:mn and 

the filtrat~ extracted with ether to remove dimethyl oxalate. The aqueous 



77 

solution was acidified (pH 5) with hydrochloric acid and sodium bisuHite 

was added until the solution became colorless; the solution was then acid-

ified (pH 1) and extracted continuously with ether. The ether extract was 

dried (MgS04) and evaporated; the residue was esterified with excess diazo~ 

methane in ether. The excess diazomethane was removed and the solvent 

evaporated to give 250 mg. of a light yellow oil. This oil was chromato-

graphed on 50 g. of silica gel; 150 mg. of (+ )"·dimethyl tartrate was 

eluted with chloroform-acetone (lgl). The infrared and the n.m.r. spectra 

were identical with the spectra of an authentic sample of dl~dimethyl 

tartrate; the (t)·dimethyl tartrate gave a plain negative rotatory dis~ 
o e 

persion curve (c, 0.056; dioxane), [a.]589 mµ tt5.59. ~ [0.]450 m1,/f8 .. 66 ~ 

0 0 
[a.]400 m µ=8. 66 , [a. ]260 m µ ~8 .. 06 as previously described (44 v45) •. 

Ozonolysis of toxol in acetic acid with-' 4% ozone 

A stream of oxygen containing about 4% ozone was passed through a 

solutien of 2 .. 1 g. of toxol in 25 ml. of acetic acid at room temperature 

for 25 laours; a solution of 8 ml. of 30% hydrogen peroxide was then added 

and the solution stirred for 2.5 hou:rs 1 whereupon palladium"'on"'charcoal 

was added and the solution stirred an additional two hours. After filtra~ 

tien, the acetic acid was removed at reduced pressure to leave a viscous 

residue. Oxalic acid was removed from the residue by sublimation at 90° 

(C>. 5 mm.) for 12 hours. The remaining residue was decolorized by dissolving 

in 2 ml. of water and heating with charcoal, after which £iltrati@n and 

concentration gave 110 mg. of (+)-tartaric acidv which after recrystall~ 

0 0 
ization from water had m.p. 170~171 ~ [a.]0+8 .40 P (cv 0 .. 032; water), 
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0 0 
reported (69) mop. 170, [O.JD+l2 (20% aqueous solution). 

This (+)=tartaric acid was esterified by treatmen.t with an ethereal 

solution of diazomethanf::l, After distillation at 65° (1.2 mm.) (+)-dimethyl 

0 
tartrate was obtained, [a.JD+l0.81 (c, 0.021; methanol), reported (44) 

[O.Jn+l3.82 (methanol). The infrared spectrum was identical with that of 

an authentic sample of dl•dimethyl tartrate. 

BIOLOGICAL TESTING OF SHEEP 

The individual sheep were selected at random from a flock of 40 to 
.,, 

50 sheep. The various fractions were administered either by drenching 

or by gelatin capsule. The whole plant was mixed with alfalfa hay to 

induce the sheep to eat the plant. The results of the tests are shown 

in table II. 

Wt. (lbs.) 
of sheep 

49.5 

44.0 

63.5 

TABLE II 

BIOLOGICAL TESTING OF SHEEP 

Material 
Fed 

Toxol 

fraction A 

dried plant 

Daily Dose 
(lb. equiv. 
of plant per 
1.00 lbs. of 
sheep) 

() .s 

L75 

0 .. 69 

Total D0se Fed 
. (lb. equiv o o.:f 
plant per 100 
lbs. of sheep) 

7 

24.5 

15 

Effect 

none 

none 

Trembles 
(death) 

"'" The selection of the sheep and the administrat.ion of the various 
fractions was performed by Richard Goodrich of the Animal Husbandry 
Department, Oklahoma State Universityo The sheep were providf;ld by 
the Animal Husbandry Department through the courtesy of Dr. Tillmano 



TABLE II (Continued) 

Wt. (lbs.) 
of sheep 

53.5 

85.8 

43.5 

Material 
Fed 

methanolic 
plant ext. 

Toxol 

30% ethanol 
soluble 

Daily Dese 
(lb. equiv., 
of plant per 
100 lbs •. of 
sheep) 

4.2 

2.8 

5 .. 65 

Tetal Dose Fed 
(lb .. equiv. @f 
plant per 100 
lbs~ of sheep) 

16.8 

16.8 

62.1 

Effect 

Trembles 
(death) 

none 

none 
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48.0 E;'!ther sol. 
fraction 
from hydrel. 
of 30% 
ethanel 
solubles 

4.5 49.5. Trembles 
(sacrificed) 

SYNTHETIC STUDIES 

2-Isopropylidene-3-coumarone (XL!) 

A solution of 5 g. of 3-coumarone (XL), prepared as previously 

described (49): 5 g. of zinc chloride, 25 ml. of acetone and 5 mL of 

methanol was refluxed for three hours. The reaction mixture was diluted 

with 200 ml. of water and extracted with ether; the ether extract was 

dried (MgS04) and the solvent evaporated to give 3 .. 5 g. of 2-isopro~yl= 

idene-3-coumarone {XLI), which gave after repeated sublimation m.p. 86-

0 KBr 
87 , >.;ax 5.84, 6.02 and 6.21 µ.;· n.m.r .. 62.05 and 62.30 (methyl groups 

on double bond), 67.0 to 7.5 (aromatic, 3 protons). 

~· Calcd. for c11H10o2 : C, 75.98; H, s. 78.. Found: C, 76.,29; 

H) 5.85. 
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To a solution prepared from 23 g. of magnesium and 146 g .. of methyl 

iodide in one liter of ether was added 35 g .. of ethyl 3~acetoxycoumarilate 

(XLVII), prepared as previously described (53), and the solu.tion stirred 

overnight. The complex was dec@mposed with 509 ml. ef water and 250 ml. 

of 19% hydrochloric acid and then extracted with ether. The ether extract 

was dried (MgS04) and the solvent evaporated. The resulti'ng residue was 
. 0 

distilled at 110 (O.l mm.) and the solid distillate sublimed to give 2 ... 

isopropylidene•3•coumarone (XLI), m.p. 86-87°; the infrared spectrum was 

identical with that of the material described abeve. 

2-Isopropyl-3-coumarone (XLII) 

A solution of 5 g. of 2 .. isopropylidene-3 .. coumarone in 20 ml. of 

95% ethanol was hydrogenated at atmospheric pressure using 50() mg. of 

5% rhodium-on-alumina catalyst .. The uptake of hydrogen ceased after 

the absorption of one molar equivalent .. The catalyst was removed by 

filtration and the solvent evaporated at reduced pt·essure to give 5 g. 

film 
of 2 .. isopropyl~3-coumarone (XLII) as a viscous oil. Amax 5.82, 6.21 and 

6.72µ; n.,m.r.: o0.83 (doublet» J=6 cps. 9 methyl greup)~ 61 .. 60 (doublet, 

J=6 cps., methyl group), 64.61 (doublet, J=3 cpso~ 1 proton) and 67ofJ 

to 7.5 (aromatic» 4 protons). 

z .. rsopropyl~3-hydroxycoumaran (XLIII) from 2=isopropyl"'3"'coumarone (XLII) 

A solution of 5 g .. of 2=isopropyl=3~coumarone and l go of sodium 

borohydride in SO ml. of methanol was refluxed for two hours~ then 20 

ml. of acetone was added and the solution stirred overnight., The solu= 

tion was concentrated to 15 ml.. and then diluted with 100 ml. of water 
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and extracted with ether. The ether extract was dried (MgS04) and the 

solvent evaporated te give 3.6 g .. of viscous oil. Distillation of this 

oil at 120° (O.l nun.) gave a selid distillate; repeated sublilllation of 
o KBr 

this solid gave 2-isopropyl-3•hydroxycoumaran, m.p. 105.,106 .. \ 2.95v '"max 

6.22 and 6.73 µ; _n.m.r.: 61.05 (triplet, J=6.5 cps., isopropyl group), 

63.68 (quartet, one proton), 64.60 (doublet, J:::5 cps., 2 protons) and 

o7.0 to 7.5 (aromatic, 4 protons). 

~· Calcdo for c11a14o2 : C, 74.16; H, 7.92. Found: C, 74 .. 03; 

H, 7 .88. 

2-Isopropyl-3-hydrox.yceumaran (XLIII) from. 2-isopropylidene-3-coumarone 

A solution ef 5 g. of 2misopropylidene-3-coumarone and lg., of 

sodium borohydride in 50 ml. of methanol was refluxed for two hours and 

then diluted with 20 ml .. of acetone and the solution stirred overnight. 

The soluti0n was concentrated to 15 ml. and then diluted with 80 ml.. ef 

water and extracted with ether .. The ether extract was dried (MgS04) and 

evaporated to give 3.8 g. of visceus oil. This oil was distilled at 120° 

(O.l mm.); the solid distillate was sublimed to give 2=isopr~pyl=3ehydr@xy= 

0 coumaran (XLIII), m~p .. 105~106 .. The infrared spectrum. was identical 
. 

with the infrared spectrum of the material obtained by the reduction of 

2misopropyl~3-coumar9ne; mixed melting point gave no depressiono 

Preparation of 2~isopr·opyl=5-acetylbenzofuran (XLV) using trifluoroacetic 

To a solution of 5 mL of acetic anhydride in 10 mL of trifluoroacetic 
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acid was added 3.2 g. of i .. isopropyl ... J-hydroxyc0umaran and the solution 

was.stirred at room temperature for four hours. After pouring into a 

solution containing an excess of sodium carbonate the reaction mixture 

was extracted with ether. The ether extract was dried (MgS04) and then 

evaporated to give 2.8 g. of a viscous oil. This residue was distilled 
film 

at 100° (0.1 mm.) to give 2•1sQpropyl-s .. acetylbenzofuran (XLV), Amax 

5.99, 6.48 and 6.62 µ (11). 

Preparation of 2-isopropyl-5-acetylbenzofuran (XLV) using stannic chloride 

To a solution of 2.0 g. of 2-isopropyl•3•hydroxycownaran and 2.8 g. 

ef acetic anhydride in 20 ml. of carbon disulfide at o0 was added lQ g. 

of stannic chloride and the solution stirred for 40 minutes. The solution 

was diluted with 20 ml .. 0£ water and 20 ml. of 20% hydrochloric acid» and 

then extracted with ether .. The ether extract was dried (MgS04 ) and then 

evaporated to give 1.7 g. 0£ viscous oil. This oil was distilled at 1N° 

(O.l mm.) to give 2•is(!)propyl-5•aeetoxybenzofuran (XLV). The infrared 

spectrum was identical with that of the material obtained as described 

above. 

2-Isopropyl-J ... acetoxycoumaran (XL!V) 

To a selution of 14 g. of 2-isopropyl 003ahydroxycoumaran in 125 ml. 

of pyridine was added 25 ml. af ac~tic anltydride and the solution stirred 

overnight then diluted with .1.5 l. of water and finally extracted with 

ether; the ether extract was washed with 5% hydrochloric acid, dried 

{MgS04) and then evaporated. The resulting residue was distilled at 
0 . 

86 ... 88 (0.5 mm.) to give 11 g. of 2 ... 1s0propyl .. 3-acetoxy .. coumaran (XLIV) 
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film 
as a colorless oil, Amax 5.72, 6.19, 6.22 and 6.74 µ.; n.m.r.: 61.00 

(J=6 cps., methyl group), ol.20 (J=6 cps., methyl group), 62.02 (acetate 

methyl group), 66.25 (J=6 cps., l p.roton) and 67 .o to 7 .s (aromatic, 4 

protons). 

!!!!• Calcd. for c131116o3 : c, 70.88; H, 7 .32. Found: C, 70 .31; 

H, 6.78. 

Preparation of 2-isepropyl·S ... acetylbe:nzofuran fr001. 2 ... isoprepy1 ... 3 .. acet0Xy .. 

coumaran using trifluoroacetic acid 

A s0lution of 2.2 g. of 2-isopropyl•3•acetexyceumaran in 5 g. of 

trifluoroacetic acid and 2.5 g. of acetic anhydride was stirred for four 

hours at room temperature. The :t:'eact:i.on mixture was poured into a selu ... 

tion containing an excess of sodium bicarli>onate and stirred for 30 minutes, 

then extracted with ether and the ether extract was dried (MgS04) and 

evaporated. 
0 . . 

The resulting residue was distilled at 100 (0.1 mm.) to give 

l.3 g. of 2·isopropyl•5•acetylbenzofuran (XLV). The infrared spectrum 

was the same as that of the material obtained from 2-isopropyl•3•hydroxy .. 

coumaran. 

Preparatien of 2-isopropyl·S-acetylbenzoft:J.ran CXLV) from 2-isoprop;yl-3-

acetoxxcoumaran using stannic chloride 

To a solution of 1.6 $• of 2•isopropyl~3-acetoxycoumaran in 20 ml. 

. 0 
of carbQn disulfide and 2.5 ml. of acetic anhydride at O was added 9 g. 

of stannic cllloride and the solution stirred for 40 minut.es then diluted 

with 50 ml. of 10% hydrochloric acid and extracted with ether; the ether 

extract was dried (MgS04) and then evaporated. The resulting residue was 
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0 
distilled at 100 (O.l mm.) to give 1.1 g. of 2-isopropyl .. S•acetylbenze .. 

furan (XLV) of identical infrared spectrum with that previously obtained. 

2 .. Isopropylm3 .. acetoxybenzafuran (XLVI) 

A solution of 3 g. of 2-isopropyl-3=coumarone in 50 ml. of carbon 

tetrachloride and 6 drops of 70% p,erchloric acid was stirred for two 

hours, then successi:vely washed with water, 5% potassium hydroxide and 

water and dried (MgS04) and the solvent evaporated. The resulting residue 

was distilled at 95° (G.2 nnn.) to give 1.8 g. of 2 .. isop:ropyl ... 3 .. acetoxy­

film 
benzofuran (XLVI), Amax 5.58, 6.21 and 6.90 µ • 

A solution of 2 g. of 2-isopropyl·3-coumarone in 5 ml. of trifluoro-

acetic acid and 2.5 ml. of acetic anhydride was stirred for four hours, 

then poured into 100 ml. ef water containing an excess of sodium bicar-

bonate and stirred for 30 minutes. The solution was extracted with ether, 

0 
the ether d.ried (MgS04) and evaporated. The residue was distilled at 95 

(0.2 mm.) to give 1.5 g. of 2•isopropyl-3•acetoxybenzofuran (XLVI); the 

infrared spectrum was identical with the spectrum of the material described 

above. 

Preparation of 2-isopropyl .. 3~coumarone (XL!!) from 2-isopropyl=3=acetOXY:: 

benzofuran 

To a solution of 1 0 8 g. of 2-isopropyl ... 3-acetoxybenzofuran i,n 50 ml. 

of carbon disulfide and 2 ml. of acetic anhydride was added 3 ml., of 

stannic chleride and the solution stirred for 40 minutes, then diluted 

with 50 ml. of 10% hydrochloric acid and extracted with ether; the ether 

extract was dried (MgS04) and evaporated., The resulting residue was 

distilled at 115° (0.,1 mm.) to give 1 .. 1 g,, of 2"'isopropyl=3.,,coumarone 
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(XLII), of identical infrared speetrwn.with that of material described 

above. 

Resolution of dihydrocoumarilic aeid 

A selu.tion of 10 g. ef dihydreceumarilic acid, prepared as pre .. 

viously described (57,17), and 28.4 g. of hru.cin.e in 151 ml. of water 

was heated t(i) boiling. with enough ethanol to effect selution. The 

solution was cooied slowly and the resulting crystals isolated by filg 

tratien and recrystallized six times £rem water. The salt was decomp0Sed 

by dissolvin.g it in water and acidifying (pH 2) with 10% sulfuric acid; 

the sfl)lution was extractecl with ether, the ether dried (MgS04) and evap.• 

orated to give 500 mg. of (t)•dihydrocoumarilic acid; after reerystalli .. 
0 0 

zation froni._methanol it gave m.p. 113 ... 114 , [a.JD"tll (c, 1.95; ethanol), 
() Q 

reported (46) m.p. 113·114 , [a.JDJ22 • 
~ 

(-) Ethyl dihydrocoumarilate 

A _solution of 50@ mg. of (/)·dihydrocoumarilic acid in 10 ml. of 

ahsolute ethanol and two drops of concentrated sulfuric acid was refluxed 

fer six hwrs then diluted with 100 ml. of water and extracted with ether; 

the ether extract was washed with water, dried (MgS04 ) and evaporated. 
(i) .. 

The resulting residue was distilled 119 (0.5 mm.) to give (•)•ethyl 
0 

dihydreceumarilate, (O.JD"i5~3, (c; 1.83; 
0 

benzene), reported (17) [a.Jn·ll • 

· (+)-Ethyl dihydr0ceumarilate (XLVIII) 
. . . I 

', 

\ 

An et:hanolic (50 ml.) solution 0£ 1.8 g. Gf ethyl 3°acet!ll)xyco~arilate 

(XLVII), prepared, as previously described (51.52,53), was hydrogenfted at 
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atmospheric pressure using rhodium•on .. alumina as catalyst. The uptake 

of hydrogen ceased after two molar equivalents had been abs0rbed. The 

catalyst was removed by filtration and the solvent evap0rated at reduced 

pressure. The resulting residue was distilled at 1198 (Q.5 mm.) to give 

1.6 g. of ethyl dihydrocoumarilate.(XLVIII); the infrared spectrum was 

the same as the spectrum of a sample prepared as previously described 

(17). 

2•{2 1·:0ih;ydrobenzefuryl)-2-propanol (XLU) 

To a selution prepared by adding 18 g. of methyl iodide to lg. of 

111agnesium in 101 ml. ef ether was added 5 g. of ethyl dihydrocoum.arilate 

in 2.0 ml. of ether. The reactien mixture was stirred evernight, diluted 

with 100 ml. of a saturated solutien. of ammenium chloride, and extracted 

with ether. The ether extract was dried (MgS04) and the solvent evap­

orated; the resulting resid11e was distilled at 70·75° (0.5 mm.) to give 

3 g. ef 2-(2 1 -dihydrobenzefuryl)-2-prepanol (XLIX). The infrared spec• 

trum was the same as the spectrum 0£ the material prepared as prev;i.ously 

described (11). 

2•(5'·Acet71•2 1·dih;ydrobenzofuryl)·2·pr0p7l acetate (L) 

To a sol~tion of 3 g. of 2•(2 1•dihydrobenzofuryl)•2•prepanol in 5 

ml. of acetic acid at o0 was add~d 4 g. of trifluoroa~etie acid and the 

sol'liltion warmed to room temperature and stirred for four hours. The 

reaction mixture was pou"ted into 106 ml. of water containing an excess 

of sodium bicarbonate and extracted with ether. The ether extract was 

d-ried (MgS84) and evaperated t.o give 2.9 g. ef a solid residue. Recrys-
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tallization from methanol gave z .. (5 1-acetyl·2'·dihydr0benzofuryl)-2 ... 
0 - 0 

propyl acetate (L), m.p. 94·95, reported (11) m.p. 95·96. 

Oxidation of 2-,5'-acetvl-2 1-dihydrebenzofuryl)-2-propxl acetate (L) 

Te a solution of 5 g. of 2-(5'-acetyl ... 2'-dihydrobenzofuryl) 0 2-

prepyl acetate in 25 ml. ef acetic acid and 25 ml. of acetic anhydride 

at 0° was added 6 g. of chromium triexide in 25 ml. of acetic anhydride 

and the solu.tien stirred for ene hour. The reaction mixture was diluted 

with 500 ml. of water and extracted with ether. The ether extract was 

dried (Mgso4) and evaporated to give 3.5 g. of 5-acetylsalicylic acid 

(XXIV), m.p. 214•2159 , reported (59) m.p. 213·214°; the infrared spec• 

trum was the same as the spectrum of the material obtained as previously 

described (59). 

Methyl 5-acetvlsalicylate (LI) 

To a solution of 180 g. of 5-acetylsalicylic acid and 44 g. of 

sodium hydroxide was added 127 g. of dimethyl sulfate and the solution 
0 . 

stirred fer two hours at O. The solution was tnen heated on a steam 

bath for 15 minutes, cooled and extracted with ether. The ether extract 

was washed with 5% sodium bicarbonate and then extracted with 10% sodium 

hydroxide. The basic extract was acidified (pH 2) with ~ydrochloric acid 

and the resulting precipitate collecte-0 by filtration to give 18 g. of 
o Dr 

methyl S•acetylsalicylate (LI); after sublimation, m.p. 60~61 ; "-max 5.88, 

5.96, 6.31 and 6,.94 µ; n.m.r. 62.43 (methyl ketone) and ~3.98 (methyl ester). 

The same ester was obtained when S=acetylsalicylic ~cid was treated 

with. an ethereal solution of diazomethane. 
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H, 5.47. 

Dimethyl O•carboxymethyl~5~acetylsalicylate (Lll) 

To a solution of 3o2 g .. of sodium methoxide in 100 ml .. of absolute 

methanol was added 9.5 g. of methyl 5 .. acetylsalicylate and then 6 g. of 

methyl chloroacetate and the solution refluxed for 24 hours. The meth• 

anol was removed at reduced pressure and the resuiting residue diluted 

with 200 ml. of water and extracted with ethero The extract was washed 

successively with 20% aqueous potassium hydroxide and water, then dried 

(MgS04) and the solvent evaporated., The resulting res:l.due was recrystall­

o ized from ether-ligroin (1:1) and then sublimed at 95 (Oo05 nun.,) to give 

2.1 g. of dimethyl 0°carboxymethyl-5 .. acetylsalicylate (LII), m.,p .. 103-

o KBr 
104 ; Auiax 5.65, 5.85, 5 .. 99 and 6.,25µ; nom.r. 62 .. 54 (methyl ketone), 

63.80 and 3.91 (methyl esters) and 64.77 (two protons). 

Ii, 5.41. 

Methyl 3 ... hydrexy-s .. acetylcoumarilate (Llll)· 

To a solution of 8.5 g. of dimethyl O-carboxymethyl0 S-acetylsalip 

cylate in 50 ml .. 0£ toluene was added lg., of sodium and the soluti0n 

refluxed until all of the molten sodium had dissolved., The mixture was 

cooled, 50 ml .. of water was added and the salution extracted with 10% 

sodium hydroxide .. The basic extract was acidified (pH 2) with hydr«:1= 

chloric acid and the resulting precipitate collected by filtration., 

Sublimation at 90° (0.95 mm.,) gave 7 g., of methyl 3=hydroxym5,,,acetyl= 
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. . . e !Or 
ceumarilate (LIII), m.p. 95-96 ; ~ax 3.01, 5.91 and 6.91 µ; n.m.r. 62.47 

(methyl ketone) and 63.88 (metayl ester). 

Ii, 4.94. 

Attempts to esterifI methyl 3-hydrGXy-S~acetylcoumarilate (LIII) 

Ta a solution of 1 g. of methyl 3=hydroxy-S-acetylcoumarilate in 

20 ml. of pyridine was added 2 ml. of acetic anhydride.and the solutien 

stirred overnigh.t. The soluti(i)U was diluted with 299 ml. of liater and 

extracted with ether; the ether extract was extracted with. 16% s~dium 

hydrexide. Th.e basic extract was acidified (pR 2) and the resulting 

precipitate collected by filtration to give 980 mg. 0f starting material, 

identified by its infrared spectrum. 

A solution of lg. of methyl 3~hydrGXy~s-acetylcoumarilate in 50 ml. 

of carbon tetrachleride, 2 ml. 0£ acetic anhydride and. 6 dr0ps ef 70% 

perchleric acid was stirred for two hours. The reaction mixture was 

extracted With 10% sodiWll hydroxide and the basic·extract was acidified 

(pH 2) with hydrechloric acid. The resulting precipitate (850 mg.) was 

identified as starting material by its infrared spectrum. 

A solQ.tion of 1 g. of methyl 3-hydr9Xy•5 ... acetylcoumarilate in 5 ml. 

of acetic anhydride and 2 ml. ef trifluoroacetic acid was stirred for. 

th.ree hours. The solution was po\i.red into 100 ml. of water containing 

an excess of sodium bicarbonate and extracted with ether; the ether 

extract was dried (NgS04) .and evaporated to give 850 mg .. of sta,:tin.g 

material, identified by its infrared spectr\Ullo 

To a solution of lg. of methyl 3•hydroxy·S~acetylcoumarilate in 

5$ ml.. 0£ benzen.e was added 0 • .5 g~ of sodium hydride and the lo5 g. of 
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benzoyl peroxide and the sQlution stirred for two days at room temper"' 

ature. Excess sodium hydride was decomposed with ethanol', and the 

solution was extracted with 10% sodium hydroxide; the basic extract was 

acidified (pH 2) with hydrochloric acid. The resulting precipitate 

(700 mg.) was identified as starting material by its infrared spectrum. 

Dihydrotremetone ~XXIII) from dehydrotremetone !I) 

.A solution of 1.5 g. of dehydrotremetone in 2G ml,. of 95% ethanol 

was hydrogenated at atmospheric pressure using 10% palladium..,on ... chareoal 

as catalyst. The uptake of hydrogen ceased after the absorption of two 

molar equivalents. The catalyst was removed by filtration and the solvent 

evaporated at reduced pressure; the resulting residue was distilled at 
0 . 

100 (0.1 mm.) to give 1.3 go of dihydrotremetone (XX.III), the infrared 

spectrum of which was the same as that reported (11). 

Reaction of N•br0mosuccinimide with dihydrotremetone keta,l 

A solution ef 1 g. of dihydrotremetone in 50 ml. of benzene and 20 

ml. of ethylene glycol and H)i mg., of P"'toluenesulfonic acid was refluxed 

for two days. The water was removed as formed with a Dean°Stark trapo 

The solution was poured into 200 mlo of water containing an excess of 

sodium bicarbonate and extracted with ethero The ether extract was dried 

(MgS04) and the solvent evaporated .. The resulting residue was dissolved 

in 50 ml. of carbon tetrachloride te which was added 880 mg. of N-bromo-

succinimide and 100 mg .. of benzoyl peroxide and the solution reflu;ited fer 

four hours. The succinimide was removed by filtration and the filt.rate 

washed with water and then the solvent was evaporatedo The residue was 
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dissGlved in 58 ml. of 50% methan.o.l· and 10 ml. of 10% hydrachloric acid 

and the solution. rcdluxed for ane hour.. The reactien mixture was diluted 

with 20, ml. of water and extracted with ether; the ether extract was 

dried. (MgS04) and the solvent evaporated to give 589 mg. of 2•isepropyl= 

5-acetylbenzofuraa (XLV), identified in infrared spectrum with the same 

mater.isl described aboye. 

'-... . ~ '" 

R.eactien ci,f lead tetraacetate witk 2 ... isoproijiyl-5 ... acet;tlbenzefuran ketal 

A solution of 1 g. of 2-isopropyl•S•acetylbenzofuran in 51 ml. of 

benzene and 25 ml. ef ethylene glycol and 111 mg. of p•teluenesulfonic 

acid was refluxed for two days; the water w~s removed as fermed with a 

l)ean .. stark trap. 
I . 

The reactien mixture was poured into 210 ml. of water 

containing an excess of sedium bicarbonate and extracted with ether. 

'i'he ether extract was dried.(Mgse4) and the solvent evaperated .. The 

residue was disselved in 50 ml. of acetic acid to which was .added 2 g. 
. 0 

of lead tetraacetate and the solutiGn heated for three hours at 75 and 

then stirred evernight at room temperature. The reaction mixture was 

diluted with 300 ml. of water an.d extracted with ether; the ether extract 

was washed with. 10% sodium hydroxide~ dried (Mgs@4) and the solvent 

evaporated. The resulting residue was dissolved in 50 ml. of 50% meth-

anol and 10 ml. of 10% hydrochloric acid and the solution refluxed for 

ene hour. The solution was diluted with 200 ml. of water and extracted 

with ether; the ether extract was dried (MgS04) and the solvent evapo-

rated to give 600 mg. of a viscous oil. th.e infrared spectrum showed a 

strong hydr~yl band at 2.9 µ. The n.m .. r .. spectrtlill. indicated a mixture 

of starting inaterial and 2·(5 1-acetyl•2 1•benzofuryl)-2~pr@panol (LIV), 
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the presence of the latter compoun.d was indicated by the two signals at 

61 .. 33 and 61~43 in its n.m.r. spectrmn. 

Reaction of sodium hypobr0111.ite on .dihydrotoxol acetate 

To a solution. prepared by adding 3 g. of bromine to 50 ml .. of 20% 

sodium hydroxide was added 1.5 g. of dihydrotoxol acetate in 10 ml. of 

dioxane and the solution stirred for two hours. After extraction with 

ether, the aqueous solution was acidified (pH 2) with hydrochloric acid, 

then extracted with e'ther. The ether extract was dried (Mgs04) and 

evaporated to give aci,d LV. This acid was added te a solution of 6 g. 

of methyllithium in 100 ml. of ether and the solution refluxed for 24 

hours. The reaction mixture was diluted with 100 ml. of a saturated 

ammonium chloride solution and extracted with ether. The ether extract 

was dried (MgS04) and the solvent evaporated to give 600 mg,. of dihydro­

toxol (XX), ideutified by its infrared spectrum. 

Attempted hydroboration of 2-isoproeyl'benzofuran (LVI) 

Diborane, prepared by addition of 2.2 g. of sodium borohydride in 

20 ml. of diglyme to 6.7·g. of boron trifluoride ether.ate in 20 ml. of 

diglyme, was added in a nitrogen stream to a solution of 2.9 g~ of 2-

isopropyl ... benzofuran, prepared as previously described (62) 8 in 100 ml. 

of ether and the solution stirred overnight at room temperature. The 

excess diborane was decomposed with 20 ml. of water and lG ml. of 3 N 
sodium hydroxide and 3 ml. of 30% hydrogen peroxide were added and the 

solution stirred for three hours. The ether layer was washed with w.ater ~ 

dl;'ied (:MgS04) and the solvent ~vaporated to give 2.,5 g. of starting 



material, identified by its iafrared spectrum. 

The reaction of N•bromosuccinimide; with. 2-isopropyldihydrobenzofuran 

(LVII) 
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To a s4±llution of 4.8 g. of 2-isopropyldihydrobenzofuran, prepared 

as previously described (15) in 5& mlo of carbon tetrachloride was added 

5.2 g. of N .. bromosuccinimide and 100 mg •. of benzoyl peroxide and the solu­

tion refluxed fer two hours., Th.e succinimide was removed hy filtration 

and the filtrate washed with water, dried (MgS04) and evaporated to dry~ 

ness. The residue (LVIII) was dissolved in benzene and the solvent con· 

centrated at reduced pressure. The resid\1,e gave a positive Beilstein 

test. The n.m.r. spectrum showed two benzylic protons at 63.26 and 

inte,gration indicated only three aromatic pretons .• 

Reaction of Fen.ton's reagent (63) with 2-isopropyldihydrobenzafuran 

To a solution af 3 .. 4 g. of 2-isopropyldihydrobenzofuran in 30 ml. 

of dioxane-water (1:1) was added 30 ml. ef a 10% ferrous sulfate solution. 

and 25 ml •. of 3% hydrogen peraxide. The ferrous sulfate and hydrsgea 

peroxide selutions were added dropwise, the ferrous sulfate being always 

kept in slight excess. After addition was cam.plete, the solution was 

stirred fer 30 min:utes, diluted with 200 ml .. ef water and extracted with 

ethero The ether extract was dried (MgS04) and the solvent evaporated 

to give 3 .. 2 g. LIX.. The infrared spectrum showed a strong hyd:r·ox.yl band 

at 2.9 µ; the n.m ... r. spectrum sh0wed tw0 benzylic protons at 03 .. 18, but 

integration indicated only three aromatic protons. The product was soluble 

in 5% sodium hydroxide, but insoluble in 5'7o sodium bicarbonate. 
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Triethyl 3-hydroxycoumaran-2 12,5-tricarboxylate (I.XI) 

To a solution of 10 G. of ethyl 4-hydroxyphthalaldehydate (LX), 

prepared as previously described (64,65), in 150 ml. of 2-butanone was 

added 7 g. of potassium carbonate and then 14 g. of diethyl bromomalonate 

and the solution refluxed for six hours, as previously described (65). 

The solution was concentrated to 25 ml., suspended in 200 ml. of water 

and acidified (pH 2) with 10% sulfuric acid and extracted with ether. 

The ether extract was dried (Mgso4) and the solvent evaporated to give 

16 g. of triethyl 3-hydroxyco~ran-2,2,5-tricarbaxylate (I.XI), m.p. 96-
o film 

98, Amax 2.95, 5.76-5.90, 6.22 µ. Reported for 3-hydroxycoumaran-2,2-

o 
diethyl-5-methyl•tricarboxylate, m.p. 94-95 (65). 

3-Coumarone-2 1 5-dicarbgxylic acid (LXII) 

To a solution of triethyl 3•hydroxycoumaran·2,2,5·tricarbGXylate 

0 
(18 g.) in 250 ml. of acetone at 0 was added 14 ml. of Jones' reagent 

(4 moles per ml.) (66) over a period of one hour. The solution was 

diluted with 590 ml. of water and extracted with ether; the ether extract 

was washed with water, dried (MgS04) and the solvent evaporated. The 

resulting residue was dissolved in 150 ml. of 50% aqueous methanol con-

taining 30 g. of sodium hydroxide and the solution refluxed for 16 hours. 

The solution was diluted with 200 ml. of water and acidified (pH 2) with 

hydrochloric acid. The resulting precipitate was collected by filtration 

and recrystallized from methanol to give 8 g. of 3-coumarone-2,5-dicar-

> o KBr 
boxylic acid (I.XII), m.p. 300 , ~ax 5.85, 5.88, 6.27 µ. 
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Dimethyl 3-coaarone-2 ,S•diearbox7late. (LXIII) 

.An ethereal seluticm. of 8 g. ef 3•coumarone-2,S·dicareexylic acid 

was treated with an excess of diazometb.an.e in.ether. Tb.e excess diazo• 

methane was evaporated an.d the solvent removed. The resulting residue 

was recrystallizeEl from m.ethariol to give 8 g. of.dimethyl coumarone-2, 
· · e KBr 

S·dicarboxylate (IJtIII), m.p. 130-148, Amax 5.78, 5.85 and 5.90µ; n.m.r. 

63 •. 99 an.d 63.94 (methyl esters) • 

.Anal. Calcd. for c12111006: c, 57-.50; :a, 4.02. Found:: C, 57.73; 

m:, 4.11. 

Attempts te prepare dimethyl 3•acetmg,beazofuran·2,S•dicarbox::ylate 

A solutien of 1 g. ef dimethyl 3•eoumarone•2,5-dicarboxylate (~III) 

in 25 ml. of isopropenyl acetate and 108 mg. of p•toluenesulfcm.ie acid 

was refluxed for three how.rs. The solution was concentrated to 10 ml. 

by slow distillation of the solvent, then poured into 200 ml. of water 

containing an excess of sodium bicarbonate and finally extracted with 

ether. The et•er extract was dried (Mgst4) ane the solvent evaporated 

to give 929 mg. of starting material, identified by its infrared spectrum. 

A solution of lg. of dimethyl 3-coumarone-2,5 ... dicarboxylate in 25 

ml. of isopropenyl acetate and two drops @f cencentrated sulfuric acid 

was refluxed fer three hours. The solution was concentrated to 11 ml. 

by slow distillation of the scl>!ven:t, then. poured into 2$@ ml. of water 

centain.ing an excess of sodium bicarbonate and extracteti with ether. 

The ether extract was dried (Mg&l4) and the solvent evapora~ed to give 

947 mg. of starting material, identified by its infrared sp~ctrum. 



Attempts te m.;epare dimethyl 3-couaarone-2 2 5-dicarbE>ltYlate ketal 

A solution of 1 g. of dimethyl 3-coumarone-2,5-dicarboxylate in 25 

ml. of benzene and 25 ml. ef ethylene glycol and 188 mg. of Jf•toluene• 

sul£onic acid was refluxed fer two days •nder a Dean-Stark trap; b.ewever, 

very little water was ebtained. The selution was poured into 200 ml. 

of water containing an excess of sodium bicarbonate and extracted with 

ether. The ether extract wat:1 dr·ied (Mgso4) and the solvent evaporated 

to give 910 mg. ef starting material, identified by its infrared spec-

trum. 

Preparation of 1·(0--!!Ydroxypb.enyl).-3-methJl·l-butanol diacetate (!XIV) 

To a selutien of 109 g. of isebutyl bromide and 17 g. of magnesium 

in 509 ml. of ether was added 37 g. of salicylaldehyde and the solution 

stirred for one b.o-.r. The cemplex was decomposed. with 250 ml. of water 

and. 508 ml. of a saturated solution of QIDleniwn chloride and. extracted 

with ether. The eth.er extract was dried (Mg804) and evaporated. The 

residue was dissolve.d in 409 ml. 0£ P;YI'idine aad 100 ml. of acetic 

anhydride and ·the sclutian stirred overnight. Tb.e solution was diluted 

with 2 1. of water and ~xtracted with ether. The ether ectract w~s 

washed with water and 5% n.rdrochlo:t:'ic acid, dried (MgS04) and evaporate~. 
0. . 

The residue was distilled at 100 (Q.,2 mm.) to give 54 g. of a colorless 

liquid whose infrared and n.JB.r. spectra indicated it to be !XIV .. 

Attempted Fries rearrangement of LI.IV 

To a solut;i,en of 8 g. of. al~inum chleride in 50 ml. of nitr0benzene 
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0 
was added U) g., 0f LXIV and the solution heated at 69 fer ane hour. 

The complex was decemposed with 50 ml. of 10% hydrochloric acid and 

the nitrobenzene steam distilled. The aqueous residue was extracted 

with. ether, tlte ether dried (MgS04) and evaporated. The infrared spec­

trum of the residue was the same as tlte starting material. 

Attelllpted ac7lation of.I.XIV 

A solution of 10 g. ef I.XIV ia 5 ml. of trifluoroacetic acid and 

5 ml. of acetic anhydride was stirred overnight. The solution was poured 

in.te SQ ml. of a saturated solution of sodium carbonate and ~hen extracted 

with ether. The ether extract was dried (Mg804) and evaporated to give 

8 g. of starting material. 

'l'o a sol11tion of !CD g. of LXIV in 50 td. of carbon disalf ide was 

added 10 g. of stannic chloride and the solution refluxed for 30 minutes. 

The cem.plex was decomposed with 56 ml. of 10% hydrochloric acid and 

extracted with ether; the ether extract was dried (MgS04) and evaporated 

· to give 7 g. of starting material.. 
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