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S U M MAR Y. 

The aerial portions of the plant Euryops floribundus were 

extracted and shown to contain Euryopsonol and another sesqui-

terpenoid for which the name Euryopsol is proposed. An extrac-

tion of Euryops tenuissimus contained Euryopsol only. 

Euryopsonol, of empirical formula C
15

H
20

o
3

, was previously 

shown to contain a hydroxyl group and a keto-group and to be 

doubly unsaturated. The hydroxyl group has been shown to be 

secondary, while the keto-group is ~, ~' Y, b-unsatur ated, 

Spectroscopic and Mass spectrosmetric measurements showed eury­

opsonol to poss ess a furan ring and to be member of the eremo-

philane -type of sesquiterpenoids . These proposals were con-

firmed by the conversion of euryopsonol to furanoeremophilone -9, 

thus P.S tc.blic;hing the stereochemistry at c4, c5 and clO' Ti. , 

free hydroxyl group has bean placed at c3, but its stereochemis­

try is still unknown. 

Euryopsol, of empirical formula C15H220
4

, possesses an 

un stable furan ring and readily undergo es autoxidation, probably 

to a mor e stable ¥-lactone. It contains two vicinal hydroxyl 

groups, one of which was placed by Mass spectrometry at C
9

. If 

euryopsol possess es the eremophilane skeleton the other hy-

droxyl group must be at C
10

. 
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1. PREVIOUS i'JORK ON THE RESIN OF EURYOPS FLORIBUNDUS. 

In 1954 Horn , Nunn and Rivett published the results of an 

investigation of the constituents of the resin of Eury.Q..l>..§. 

f):.oribundus . 
1 

The resin obtained on acetone ext raction was 

subdivlded into free acids , combined acids and unsaponifiable 

matter. The combined ac i ds were found to consist mainly of 

anisic, iso-butyric , angelic and tiglic acids. Tiglic acid, 

ho wB v er, was absent in the mixtur e of fr ee acids . The main 

crystalline substance isolated from the unsaponifiable matter 

was Enryopsonol of molecular formula C
15

H
20

0
3

. It was doubly 

vnsaturated, contained a ketone and an alcoholic group, but 

the nature of the third oxygen atom remained unknown. 

2 . A SURVEY OF SEGQ.UITERPENOID-LACTONES AND RELATED FURANO-

COMPC'U.NDS OCCURRIHG H-T THE COMPOSITAE . 

Recent investigations into the bitter principles of 

plants of the Compositae , of which Euryops is a member, have 

reveal ed the presence of fi v e distinct groups of Y-lactones, 

viz;- the germacranolides , the santanolides, the a lantanolides, 

the guaianolides and the eremophi leno l ides , 
2 

Excepting for the santanolides, none of these groups has 

been extensive l y reviewed, For this reason the literature 

survey, which follows, is more lengthy than is u s u a l for an 

M.Sc. thesis, 

2 . 1 , The Germacranolides have not been reviewed and hence this 

is dealt with in detail, 

This group is characterised by a ten-membered carbocyclic 

~ ing, me thyl groups at C4 and C
10

, a } -lactone ( generally with 

the l actonic hydroxyl group at C") and a hydroxyl group at C
8

. 
() 

A fe~ of th e se compo und s have tho methyl group at C
10 

oxidised 

to a primary hydroxyl, whil e the c3 hydroxyl is often e steri­

fied . 

Tho re is/ ,, ..•. , .. 
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There is only one exception to this generalisation, 

. t 3 t ()4 namely ar1stolac one, which has the unusual struc ure 1 . 

The structures of the following germacranolides have been 

elucidated; 
5 

they are based on that of germacrone {2), 

2,1,1, Pyrethrosin { 3) 5 from Chrysanthemum cineriafolium was 

first isolated by Thoms in 1891, It was the first germacra-

nolide to be chemically characterised, 

Mild hydrogenation form ed a mixture of dihydrostereoisomer~ 

whe~eas the fully saturated stereoisomers were obtained on more 

vigorous reduction, Although chromium trioxide oxidation 

afforded a ketone, indicative of a secondary hydroxyl group, 

pyrethrosin could not be acetylated. The presence of a 1,2 

oxide ring was deJ.,onstrated by the treatment of one of the 

above tetrahydropyrethrosins with an ethereal solution of 

borontrifluoride, whereby the ring was split and a ketone form-

7 
ed. 

The presence of the ten-membered carbocyclic nucleus was 

demonstrated by nitric acid oxidation of the mixture of tetra-

hydropyrethrosins to ~-methyladipic acid {4). 

The infrared spectrum of pyrethrosin showed frequencies 

due to the following functional groups:- an c<, ~-unsaturated 

-1 
Y-lactone (1760 em ), two ethylenic linkages (1670 and 1650 

-1 1 
em ) and acetate residues (1735 and 1242 em-). Comparison of 

the ultra-violet spectra of pyrethrosin, dihydro- ann 

isodihydro-pyrethrosins, together with the products obtained 

from quantitative ozonolysis, showed that the methylenic 

double bond of the c<, ~-unsaturated Y-lactone is saturated on 

mild hydrog enation, This defin e d the lactonic function as 5, 

In the presence of p-toluenesulphonic acid and acetic 

anhydride, pyr e throsin cyclised to th e diacetate (6), which on 

selective hydrogenation followed by controlled hydrolysis, 

afforded an acetoxy - alcohol (7), Chromium trioxide oxidation 

of 7 led to s, which on treatment with a base, yielded a 

conjugated/, .••..•.•... 
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conjugated ketone (9), indicative of the presence of a ~ ' 

y-unsaturated ketone in 8. The position of the ethylenic 

linkage in 8 was verified by bromination followed by dehydro-

bromination to give 10, which was characterised by its ultra-

violet absorption. 

From tho above base treatment of B, two further products, 

lla and llb, were isolated, the former being reactylated to 8. 

Treatment of llb with chromium trioxide gave a diketone, which 

t . 8 
with alkali afforded 12, a degredation product of t -san om1n. 

Similar treatment of lla failed to give dienone absorpti on in 

the ultra-violet, and as it is reactylated to starting material, 

the lactonic function must be present as in pyrethrosin, which 

must be represented by 3 . This structure is supported by 

further chemical e vid e nce, molecular rotations and nuclear 

magnetic resonance studies. 6 

2.1.2. Arctiopicrin 
9

'
10 

of sugg e st e d structure (13) was 

isolated from Arctium minus (Be rnh) and s hown to be an ester 

of ~-hydroxybutyric acid and aictiolide, a monocyclic-dihydroxy 

sesquiterpenic-Y-lactone. Hydrog e nation afforded a mixture of 

hydrogenated and hydrogenolysed products, the ease of hydro-

genolysis being due to the free allylic hydroxyl group . 

Tetrahydroarctiopicrin was hydrolysed to tetrahydroarctiolide 

(14) 1 which on chromium trioxide oxidation afforded a hydroxy-

keto-lactone (15). The product of.hydrogenolysis was saponi-

fied and the free hydroxy-lactone 16 oxidised with chromium 

11 trioxid e to a k e to-lactone (17). Compound 16 has also been 

obt a in e d from hydrogenation of balchanol id e , 

· The position of the k etonic frequency in the infrared 

spectrum of the various keto -d e rivatives of tetrahydro-arctio-

l ide shows arctiopicrin to possess a med ium sized carbocyclic 

ring. Thi s was confirmed by it s rdlation to balchanolide. 

The mutual positions of the Y-lactone and the ester ified 

hydroxyl g roup in arc ti opicrin were inferrcd9 from analogy 

with t · · 12; rna r1cJ.n .. .. . ......... . 
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with matricin12 in which a characteristic . shift in the in-

frared occurs on hydrolysis. Their positions were found to 

be the same as in artemisin, for hydrogenation in the presence 

of perchloric acid resulted in 18, identical with the product 

obtained from the Clemmensen reduction of artemisin. This 

correlation with artemisin allo~s the same stereochemical 

arrangement at c6 , c and en to be assigned. 7 .:; Since santa-

nolide "a" (19) was obtained as a by-product, Clemmensen 

reduction was assumed not to alter the orientation of the cl3 

methyl group, which was assigned an ¢(-orientation. 

Since oxidation of polymeric arctiopicrin with nitric 

acid afforded(-) methylsuccinic acid (20), the methyl group 

at c4 is assigned the ~-configuration , An optically inactive 

hydroxygermacranolide, isomeric with 15 has been isolated from 

the chromium trioxide o x idation of arctiopicrin. The latter 

might therefore be representod by a structure where both methyl 

groups are ~. The absolute configuration of arctiopicr i n is 

thus being revised . 

2,1,3. Parthenolide (21)
1 3 

from Chrysanthemum parthenium (L) 

Bernh showed maximQ in its infrare d spectrum due to the 

following functional groups:- a Y-lactone (ba nd s at 1763 

-1 
(lactonic carbonyl) and 1142 em (lactonic hydroxyl group) 

-1 
and an exocyclic methylenic double bond (bend at 1408 em ) 

conjugated with the lactoni c carbonyl group.
14 

-1 
em 

On mild hydrogenation, parthenolide afforded a dihydro-

derivative, -1 
which lac1~ed the frequency at 1408 em , but stil l 

showed that due to the Y-lactone. The end absorption in th e 

ultraviol et spectrum of parthenolide at 225 m~ (log ~ = 3.53) 

had d is app eared . T h ese results, together wit h th e low yield 

10 
of formaldehyde on ozonolysis, is confirmat ion of the 

exocycli c methyleni c doubl e bond at ell" 

Parthenolide/ ......... . 
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Parthenolide was converted on hydrogenation over Adam's 

catalyst to a hexahydro-compound containing a hydroxyl group. 

The third oxygen atom must thus be present as an epoxide, which 

splits on hyd r ogenation to form 22. In an attempt to define 

the position of the hydroxyl group, 22 was oxidised with 

chromium trioxide to a ketone, which failed to fo r m a dinitro­

phenylhydrazone and its unusual l y high frequency (1717 cm-
1

) 

in the infrared spectrum suggested intensive interaction with 

the lactone group , It must therefore be positioned at C
5 

or 

C
8

. Lithium aluminium hydride reduction converted 22 into a 

triol, which in turn absorbed one mole of periodic acid, The 

hydroxyl group must thus be adjacent to the lactonic hydroxy:, 

i.e. at C_ , 
0 

Parthenolide failed to cy c lise to a santonin-type compound 

as did arctiopicrin, cnicin and dihydrocostunolide, but it was 

oxidised to ~-methyladipic acid with nitric acid , As the 

double bond in dihydropartheno lide is disubstituted and one 

C-0 bond of the oxide ring is vicinal to the lactoni c hydroxyl , 

structure 21 is ascrib e d to parthenolide . Ozonolysis of 

dihydroparthenolide afforded products which confirmed this 

structure. 

2.1 . 4. Costunolide, balchano lide, isobal chano l ide and hydro-

xybalchanolide from Artemisia balchanorum 
15 H. Krasch and 

ac etylbalchanolid e from Achillea Millefolium16 have also been 

i n vestigated. Costunolide (23)
15 

showed strong infrared bands 

-1 
due to a Y-lactone ( 1757 em ) conjugated with a methyleni c 

double bond (1 408 cm-
1

) as wel l as of two further double bonds 

-1 
(1 663 em ) . Mild hydrogenation afforded dihydro-costuno]ide 

( 21 ), in which the exocycli c methylenic doubl e bond had b ee n 

13 
saturated . Vigorous hydrogenation converted costunolide to 

the hexahydro-derivative identical with 25 also obtained f rom 

17 by desulphurisation of the ethyl e nethiok e tal . Hydrogena-

tion of costunolide over Adam~ catalyst in the presence of 

perchloric acid/ ••.•. . ... 
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perchloric acid resulted in a bicyclic compound (26), identical 

with santanolid e " c". 

In acetic acid and acetic anhydride, dihydro-costunolide 

cyclised t o a .bicyclic, uns aturat~d sesquiterpeno (27), idcn -

. ' d 17 tical w1th 3-santenolJ. e . Hydrogenation of 27 afforded 

santanolides "a" 
18 

and " c " . These results corroborat ed the 

location of the l acton i c function and th e double bonds in the 

ten-membered carbocyclic ring, as in 22. Dihydrocostunolide 

(24) was converted by ozonolysis and oxidation with nitric 

acid to the same lactoni c dicarboxylic acid (28) obtained from 

santonin, artabsi~ and absinthin.
19 

As th e absolute configuratiomof 3-santenolide, santano-

1 ides "a'' an d " c" are known, that for cost unol ide could b c 

. d 20 as s J.gn e . The validity o f 23 has also been shown by syn-

t 
. 21 

hCS1S , 

2 . 1 .5 , Balchanolide (29)
15 

exhibited frequencies due to a 

-1 -1 
Y-lactone (1760 em ), hydroxyl groups (3490 and 3620 em ) and 

-1 
a double bond (1666 em ). Th e acetyl derivative 30 show0d 

fr equ enc i es due to the carbonyl in an ester group (1 244 and 

-1 
1738 em ) as well 

-1 
as a Y- l actonic carbonyl (1 767 em ) . This 

derivative was found to be identical with an acetylbalchanolide, 

isolated fro m the common yarrow. 16 F ur t h ermore, tetrahydro-

acetylbalchanolide (31) is ident ical with tetrahydro-acetyli s o-

balchanolide . S a poni fication of 31 afforded a non-crystalline 

hydroxyl actone , which was oxidised with c hromium tioxide to 

1 7, a l so obtained from arctiopicrin. This r elationship d e-

fined the size of the carbocycl ic ring, the positions of the 

methyl groups , t h e Y- l actonc and t he hydroxyl function . 

Permanganate oxidation of balchanolidc gave succinic and 

laevulic acids, while chromium tioxid e oxidation led to t h e 

formation of a keto-lactone (3 2 ). As the ultraviol et 

spectrum of/ ........ . . 
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spectrum of ba1chanolide lacked conjugated unsaturated ketonic 

absorp~ion, it has structure 29. 

As expected, balchanolide is cyclised in acidic medium 

(BF
3 

in benzene) to a crystalline hydroxysantenolide (33). 

Tiydrogenation of 33 gave 34 identical with 8-hydroxysantanolidr, 

prepared by Clemmensen reduction of artemisin. 

2,1 , 6, Isobalchanolide showed frequencies in the infrared due 

to the fo llowing fuctional groups:- a Y- lactone (1768 cm-
1
), 

-1 unsaturation (1640 e m ) and a hydroxyl group (3600 and 3430 

-1 
em ) , It formed a crystalline acetate 30 or 35, which was 

hydrogenated to tetrahydroacetylbalchanolide (31) . 

Potassium permanganate oxidation of isobalchanolid e afford-

ed succinic and laevulic acids. The formation of laevulic 

acid shows the mutual positions of the double bonds, and i so -

balchanolid is thus 36 or 29, 

As tetrahydroacetylbalchanolide is identical with tetra-

hydroacetyl isobalchanolide, balchanolide and isobalchanolide 

differ only in t h e location of the double bonds or in their 

steric arrangements. Chromium trioxide oxidation of isobal-

chanolide did not lead to a uniform product and thus the posi-

tions of the double bonds have not been established with 

certainty. 

As balchanolide, isobalchanolide and acetylbalchanolide 

were correlated via the same tetrahydroacetyl derivative (31), 

they must possess the same configuration at c6, c7, c8 and ell' 

2.1 .7. Hydroxybalchanolid c
15 

is a dial and exhibited maxima in 

th o infrared du e to a ¥-lactone 
-1 

(1761 e m ), hydroxyl groups 

-1 -1 
(3610 and 3420 em ) a~d a double bond (1669 em ). It was 

hydrogenated to a t e trahydro-dcrivative, which was oxidised 

with chromium tioxide to a hydroxyketo-lactone . Thus one 

hydroxyl group is secondary and the other is tertiary. The 

-1 
infrared frequencies at 3500 and 3620 em in the spectrum of 

the above/ ... , ..... 
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the above hydroxyketo-lactone are indicative of hydrogen bond-

ing of the hydroxyl group, 

Oxidatio11 of hydroxybalchanolidc with potassium perman-

ganate gave succinic and lacvulic acids, Hence the double 

bonds are probably arranged as in isobal chanolide. As hydro-

xybalc h anolide is stable towards pcriodatL oxidation, the 

tertiary hy d r oxyl group must be located at ell rather than c7. 

S t ructures (37) or (38) have been suggest e d for hydroxybal-

chanolide. 

a~l.B, Cnicin (3 9 )
11

' 
22, 23 

is a trial from Cnicus. be ne dictus 

( 1 ) and sho wed maxima in the infrar e d due to the following 

fun ctio nal groups: - a Y- lacton e 
-l 

(1 766 em ) , a conjugated Js ter 

-1 -1 
(1 71 3 em ) , double bonds (1 69 4 and 1632 em ) and hydroxyl 

-1 
groups (3450 em ). The ultravi o l et sp e ctrum showed end 

a b sorption at 2 20 mt-1 ( 1 o g ~ = 4 . 3 4) . 

Quantitative ozonolys is of cnicin afford ed 0.46 mo l. f orm-

aldehyde, in agr eement wit h a methylenic double bond, «, ~ to 

the lac t onic carbonyl group, 
1 0 As lithium alumin i um hydr i de 

reduction followed by seleni um dehydrogenation afforded c hama-

zulene and artemazulene , cnicin was first thought to b e a 

guaianolide . 

Cnicin was hydrogenated over Adam' s catalyst to a mixture 

of hydrogenated and hydrogeno lysed products. Th e norm a l 

hydrogen a ti on product, h exahydro c nicin ( 4 0) was separated and 

-1 
i ts inf r a r ed spectr um s h owed maxima at 178 1 em ( Y- l actone), 

-1 -1 
1728 em (unconjugated este r) a nd 3465 em ( hydroxyl gro up s ). 

Th e moth e r liquors from 4 0 were saponified, acidified and 

steam distilled to afford cthy lmethyl acetic acid , Cn i cin is 

thus formulat e d as an ester of «, ~ (b is-h ydroxymcthyl) acry l ic 

acid , alt h o u gh the l atter acid was too un stable t o be isolated, 

Th e r esi due from the steam distillation gav e the expected 

product 4 1 "a" . 

Saponification/ ..... . .. . 
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Saponification of the non crystalline hydrogenation pro-

ducts afforded two further hydroxylactones (41 "b") and (41 

"c ") ~ Chromium trioxide oxidation of these gave two keto-

lactone acids (42 "a") and (42 "b"). Thus these hydroxy-

lactones posses both a primary and a secondary hydroxyl group. 

The position of the keto-group absorption in the infrared 

-1 
spectrum (band at 1720 em ) suggests that it is present in a 

middle-sized carbocyclic r ing, 

Oxidation of 41 "a" gave a neutral compound 17, identical 

with that obtained from arctiopicrin 
19 Thus the size of the 

carbocyclic ring, the position of the methyl groups, the r-

lactone and t h e secondary hydroxyl are defined, 

Since hydrogenolysis of cnicin occurs with ease, the 

primary hydroxyl group is probably in an allylic position. 

This suggestion is supported by the fact that the acid obtained 

on oxidation of this hydroxyl group is ~' ~-unsaturated. The 

single endocyclic double bond is thus present at C
9 

- C10 , 

Cnicin has been converted into tetrahydroacetylbalchanolioo 

of known stereochemical configuration, while the keto-lactone 

(17), which has been related to artemisin, allows the config -

uration as in 39 to be assign8d, Salonitolide, the alcohoi 

which in cnicin is esterified with ~, ~-bishydroxymethyl 

acrylic acid, has been isolated from centaurea salonitana 

V
. 24 
~ ~ . 

2.1 . 9. Scabio l ide (43) 
11

'
22

'
25 

fro m Centaurea scabiosa (L) 

Presl showed bands i n the infrared due to a ¥-lactone (1767 

cm-
1

) conjugated wi th a methylenic double bond (1435 cm- 1 ), 10,~ 

superimposed ester carbon yl groups -1 
(intens e band at 1740 em ), 

-1 1 
an acetoxy-group (1260 em ), unsaturation (1663 em- ) a nd 

hydroxyl groups forming a hyd rogen bridge (35 30 c m-1 ). Oz ono-

lysis of the met hylenic doubl e bond affor d e d 0.34 mol. formal-

dehyde, the low yield being observed in analogous 
10 22 

cases , ' 

Di hydro sc ab i o 1 ide,/ .. . , .• , . . 
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Dihydroscabiolide, obtained on mild hydrogenation, absorb­

ed one mole of perphthalic acid, indicating the presence of a 

second double bond, Saponification confirmed the fact that 

it is a diester, as two acids, glycollic and acetic acids, 

were obtained, 

On hydrogenation over Adam's catalyst scabiolide absorb e d 

more than two moles of hydrog e n. A complicated mixture of 

hydrogenated and hydrogenolys e d products was obtained; only 

the hydro xyester Y- lactone (44) could be crystallised, The 

non-crystalline material was saponified, acidified and t h e 

neut ral products (re-lact oni sed) sep ar a t ed into stereoisomeric 

monohydroxylactone s and stereoisomeric dihydroxylactones, 

Chromium trioxid e oxidation of the mixtur e of monohydroxylac-

ton e s g a ve (45 "a") id e ntical with 17 obtained from arctiopi-

c r i n 
9 

c n i c i n 2 2 and ( 4 5 "b ") • Similar oxidation of the mix-

ture of dihydr o xylac tones afforded the k eto lacton ic acid (42) 

obtain e d fr om cnicin, Hence the s i ze o f t h e car bocyclic ring 

and the positions of th e two met hyl groups, the ¥- l actone, the . 

es terifi ed secondary hydro x yl and the esterifi e d primary hyd ro -

xyl groups are de f i n e d. 

Sinc e hydrog e noly s i s o ccurs with eas e , th e es t er i f i e d 

p rimary hydroxyl group mus t be allylic. Dihydroscabiolide, 

which r e tained the double bond in th e carbocyclic ring, was s ~-

jected t o mild hydrolysis. The res ultant dihydroxylactone 

(46) and a p rod uct of hyd rogenolysis 47 we r e s u bjected to 

c hr omi um trioxide oxidation . 

lactone ( 48) wa s obtained. 

F r o m 46, a crystal l ine keto­

This was shown b y its ultr a violet 

absorption to lack an «, ~- unsaturat ed ketone, and the increase 

i n R-band intensity (log ~ = 2.48 at 290 m~) is indicative of 

a f3' 26 r-unsaturated ketone , The doub l e bond is th u s locat ed 

between C
1 

and C
1 0

. Hydrogenated s cabiolid e after chromate -

grap h y on s l ightly alkal in e a lumina affo rd ed an oi l y polar 

fraction , whic h was oxidised with c hr omium trioxide to a n 

acetoxy-keto -Y-lactone/, .••• 
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acetoxy-keto- } -lactone(49) Accordingly the secondary hydroxyl 

group must be esterified with the more readily saponifiable 

glycollic moiety, 

The unsaturated hydroxy-lactone (47) formed a dihydro -

derivative, which on acetylation gave tetrahydroacetylbalcha-

nolide ( 31) . As 3 1 has been related to artemisin, the abso-

lute configuration of scabiolide at c6, c7 and c8 is establish-

ed . 

2 l E t . . . ( 5 ) 11 • 27 d. 1 f E t . . 1. 0. upa or1op1cr1n 0 · a 10 rom upa or1um 

canab ium, possesses a cis lactone ring. It shows frequencies 

( -1) in the infrared dJe to a }-lactone 1764 em c onjugated with 

-1 
a met hylenic double bond (11 48 and 1419 em ) 1 an ester group 

(1 ? 11 cm- 1 ) and a hydroxyl group (3400 and 3620 em-~). The 

ultraviole t spectrum showed end absorption at 211 m~ (log 

On alkaline hydrolysis, eupatoriopicrin afforded e upatolide, 

an unsaturated hydroxylactone ( 5 1), which was hydrogenated to 

52, The hydroxylactone was oxidised with chromium trioxide to 

a k eto germacranolide (53), The «-isopropyl group, shown by 

optical rotatory dispersion, was converted to the more stable 

~-configuration on heating with sodium acetate to give the k e to-

germacranolide (17), which has been obtained from scabiolide 

22,25 

' 
t . . . 9, 11 d . . 22 arc 10p1cr1n an cn1c1n ~ This demonstrated the 

size of the carbocycli c ring and the positions of the met hyl 

group s , the }-l actone and the secondary hydroxyl group , 

Hydrogenation of e upatoriopi crin was accompanied by 

hydrog enolysis to 54
1 saponification of which gave tetrahydro-

eupato lid e a nd methylcthylacetic acid 4 This fact, toge ther 

with the isolation of a c5 unstable hydroxy-acid from eupa-

toriopicrin shows that the latter is esterif i ed with «, ~-

(bishydroxymethyl) acrylic acid , 

in 

Ozonol ysis of e up atoriopicrin and eupatolide , resulting 

10 22 25 
low yi elds of formaldehyde ' ' and the infrared spect ra 

of these/ .......... ... . 
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of these compounds ( eupatoriopicrin and eupatolide) (bands at 

114 8 and 1419 cm - 1 ) 28 indicat ed ;hat th e methylenic Joublc 

bond is conjugated with the carbonyl of the )'-lactone, 

Eupatol ide afforded a methyl ether (55), which \:as shuwn 

by N. M.R. studies to poss e ss two double bonds, e ach s ubsti tuted 

with a methyl group. Chromium tioxide oxidation of eupat)-

lide converted the C
8 

hydroxyl group to a k e tone, which sh0wed 

-1 
the infrared absorpt io n frequency (1708 em ) of an unconjuga-

t e d keto-group, The increase in the R-band absorpt~on in the 

ult raviol et spectrum is due to a f3, )' -unsatur ated k t.: to-gronp . 

The conversion of eupatori opicrin to 17 and the " P~-i c::- : 

rotatory dispersion curve defines the f .bs o l ~te conf i~ur at~.n as 

in (50). 

2.1.11. Nobi l in 
29 

from Anthemis nobilis (L) showed infrar- ,)d 

-1 
absorption d u e to a )'-lactone (1760 em ), a me thyl ;;::1i.c d 0 ··ble 

bond conjugated wi th th e lactonic carbonyl 
-1 

(1405 and 2137 em ), 

-1 
a conjugated ester (1714 em ) , a hydroxyl group (3500 enc: 

-1 -1 
3610 em ) a nd a double bond ( 1651 and 1662 em ). 

S~ponification and N.M.R. studies showed that nobilin is 

esterified with tiglic acid, The non-volatile product of 

saponification consisted of an aci d and a hydroxy-oxide-lactone, 

containing one mo l ecule of water mor e than expected, Thei r 

infrared spectra showed that both these compounds possessed an 

exocyclic me thyl e ne group, different from that in natur ~l 

nobilin, It i s thus assumed tha t the C
11 

double bond dis-

a pp ears when a n oxide rin g is formed. 

Nobi lin was oxidised with chromi um trioxide to ~ehydro-

nobilin, indicating the secondary natur e of the free hydro x yl 

group, Hydrogenation of d e hydronob i lin afforded a mixture, 

whi c h was converted to d coxyd ehydro-octahydro-nobilin via its 

thiol<:etal. 30 
This e st e r-lactone was saponi fie d to a hydrcxy-

l actone , which was oxidised with chromium trio x ide to a k eto-

lactone (17), ident i cal with that obtained from a rcti c picrin . 10 

T h is proved/ ......... . . 
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This proved the size of the carbon skeleton, the positions of 

the Y-lactone and methyl groups and that the esterified hydro-

xyl group is in pos it ion 8, 

As nobilin is not oxidised to laevulic, succinic 

or any other dicarboxylic acid containing four or more carbon 

atoms, 
. . 10 1 5 

no~ cyclised to a santon1n-type sesqu1terpene, ' 

the positions of the free hydroxyl group and of the double bonds 

are uncertain. Partial structure 56 can be ascribed to nobi-

lin. 

2.1 .12 . Gafrinin 31 (57) from Gcigeria africana Gri es. contains 

a readily reducible trisubstituted double bond (infr~red maxi-

-1 
mum at 813 em ). Since dihydrogafrinin retains it~ end ab-

sorpt ion in the ultraviolet (A max 219m~, log~ = 3 .84), the 

second double bond is in conjugation with the carbon y l gro~p 

of the ¥- lactone and must be at c7 - ell' This is s upported 

by its resistance to hydrogenati o n. 

Oxidation of dihydrogafrinin with chromium trioxide g~ve 

deacetyldehydrodihydrogafrinin containing a ketone g roup and a 

hydroxyl group, stable to oxidation. As gafrinin is readily 

ace tyl ated , the hydroxyl gro up is not tertiary and must be the 

precursor of the ketone gro up in deacetyldehydrodihydrogafrinin, 

while the hydroxyl group resistant to oxidation mu st be formed 

by th e hydrolysis of the acetoxy-group present in gafrinin , 

Since deacetyldehydro~i hydrogafrinin reduc e d one mol. of perio-

date, the ketone and hydroxyl groups are vicinal. 

Sub l i mation from alumina afforded anhydrogafrinin (58), 

whose ultraviolet absorption (~max 226 m~, log ~ = 4 . 3) 

showed that both an «> ~- unsaturated lactone a nd a conjugat e d 

diene must be present. Tr eatment of gafrinin with sodium 

me thoxid e in dry methanol gave met hyl deacetylgafrinate, which 

lacked ultraviolet absorption due to the «, ~-unsaturated es ter , 

methyl d:~c_tyl c:.fr i ~~te raducod two mols , of periodate and 

poss esses two/ ....•...... 
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possesses two hydroxyl groups, one at c3 and the other either 

Methyldeacetylgafrinate lost only the C
3 

hydroxyl group on dehydration and the position of the second 

hydroxyl group is thus uncertain chemically. However, from 

the examination of models and the preparation of an i sopropy-

li~ene derivative, the hydroxy l gro up must be located at c6. 

Gafrinin thus has structure (57) . 

2 . 2 . The Sant~nolid e s. 

The santanolid cs are characterised by a naphthal enic nucl-

eus , a ¥ -lactone at c6 - c7, two methyl groups, one at c4 and 

the other at C
10

, and a keto-group at C
3

. All these groups, 

excepting the c3 ketone are in the same positions a s in the 

germacranolides and are obtained f rom the latter on cyclisa-

t
. 6,10 ,15,22. 
~on. 

2 . 2 .1. Santonin (59) is obtained from various species of 

Art em i s ia and its chemistry has been ably . 32 33 34 
summar~sed. ' 1 

' 

35 

36 
X-Ray crystallography, as well as a d e tailed study of 

isophot o-<1(-santonic-lactone 37 , 38 (60) s howed that santonin 

C 39,40 . possesses an ~-orientated methyl group at 
11

, oppos~tc to 

41 42 that accepted until r ecently. ' The absolute configu rat ion 

of this methyl group has been confirmed by degradative work39 

and by total $ynthesis of santonin . 43 

2.2 . 2. (-)- (3-Santonin 
44 

occurs together with (-)-c{-santonin 

i n many of the Artemisia species and is a stereoisomer of it , 

45 
Barton' s suggestion that (-) - «- and ( - )-~-s~ntonin 

46 differ only at e ll has be e n d emonstrated . The recent 

th . 43 ( syn es~s of - ) -~-santonin therefore confirms the ~-

configuration of the cl3 methyl g roup in (-)- ~-santonin . 

2 , 2 . 3 . Artemisin (61) (8 -hydroxy-santonin) from Artemisia 

maritima was shown to be an unsaturated hydroxy-keto-lactone, 

closely related/ .. ...... . 
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closely related to santonin, and was converted, as expected, 

by selenium dehydrogenation to 1-methyl-7-ethylnaphthalene. 

On treatment with dilute acids, artemisin formed a phenolic 

compound, desmotropo-artemi sin, analogous to desmotropo - san-

tonin. 

The tertiary hydroxyl group was placed at C
7

, beckuse 

dehydration i n formic acid afforded artemisene, for which struc-

ture (62) was proposed , Barton discussed the stereodhemistry 

of artemisin in terms of molecUlar rotations and conc luded that 

the configurations at C
6

, C
7

, C10 and C11 are the same as those 

in (-)-~-santonin . He therefore propos ed structUre (63). 

The Japanese chemist, Sumi, synthesised two racemic i so -

mers 64a, b, both of which rearranged to their desmotropo-

compounds (65a, b) by the action of 55% sul phuric acid, Al-

though the trans - isomers do exist, they are converted to the 

cis-isomers under the rearrangement conditions and only the two 

(65a, b) were therefore consider e d. If art emisin possessed 

the arrange ment in structure 63, one of the phenolic compounds 

65a, b must be the rac emate of desmotropo-artemisin , Owing 

to the low solubilities of these pheno lic products, the di-

acetat es (66a, b) were compared; the diacet ate of desmotropo-

artemisin was found to be di s tincly d iffe rent f~oc ei~her 66a 

or b. 

The t e rtiary natur e of th e free hydroxyl group was pre­

viously inferred from its stab ility to ac e tylation but Sumi
47 

showed it to b e eas ily acctylated in aceti c anhydride and 

so dium a c etate . F urthermore, it formed a cathylate, a tosy-

late and a formate, showing that this hydroxyl group cannot b e 

tertiary , for tertiary hydroxyl groups do n o t r eact wi th tosyl 

hl . d 4 8 ' 4 9 t h h 50 c or~ c , or e ylc lorocarbonatc. Chromium trioxide 

oxidation converted artemisin into a dikctonc (67), the infrared 

(band at 1727 cm-
1

) and the ultraviol et (no band at 240 m~) 

spectra of which s howe d that the n e wly formed carbonyl group 

is unconjugated/ ......•. . , . . 
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is unconjugat ed and therefore not at c6 . Decinormal sodium 

hydroxide converted the diketo-lactone (G7) to the d i keto-

acid (68) i n which the carboxyl group is ~- with respect to 

the keto-gro u p formed on oxidation of artemisin. Furthermore, 

the presence o f a n absorption band at 31 7 m~ s h ows that t h e 

newly formed double bond is conjugated with the carbonyl group 

and with the cross-conjugated dienone system. These facts 

suggested the secondary h~droxyl group is attached at c8 and 

th e lactonic hydroxyl group at c6 . 

Treatment of Q(-tetrahydroart emisin with chromium trioxide 

in pyridine gave a dik e tone (69), which was converted into t he 

unsaturated diketo-acid (70) with dilute alkali , These results 

offer conclusive proof that the free hydroxyl group is secon-

dary and attached at c8. Structure (61) shows the absolute 

. t f t . . 17 stereochem1s ry o ar cm1s1n. 

S 51,52,53,54 2 . 2.4, t - antonin from the flower heads of 

Artemisia maritima, is c los e ly related to santonin. Th e pre-

sence in ~-s antonin of the same ring system as that in (-)-~-

santonin as well as of an unsaturat e d Y-lactone, containing 

carbonyl and h ydroxyl groups, was readily demonstrat e d . 

t-santonin is insoluble in cold alkali, but it dissolves 

on warming, being reprecipitated on acidification . Catalytic 

hydrogenation gave a di hydrod er ivative, which was converted by 

Clemmensen reduction and selenium dehydrogenation to 1-methyl-

7-ethylnaphthalene. The presence of a carbonyl group was 

shown by the preparation of an oxime, which formed a quinoline 

derivat ive with o-aminob enzal d e hyd e , indic a ting that a me thylene 

group is ~ to th e keton e . In 55% sulphuric acid t-santonin 

gave a phenolic lactone d- ~- d esmotropo -t-santonin, which on 

dehydrogenation af forded 2,4-dimethyl-7-ethylnaphth-1-ol (71), 

confirming the presence of the carb onyl gro up at cl in ~-

santonin. 

obtain ed . 

An isomer, d -~-isodesmotropo-t-santonin was a lso 

On heating with potassium carbonate in xylene, 

d- (3-d esmotropo-/ . .. . .. . .. . 
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d-~-desmotropo-t- santonin was partly isomerised to d-~-desmo ­

tropo-t - santonin, whi l e d - «-isodesmotropo - t - santonin was 

partly isomerised to d-~- isodesmotropo-t- santonin , These 

reactions in the t-santonin series paralled the reactions of 

the structurally analogous desmotropo-« -santonin in the ~- san-

tonin series . 

Mild treatment of t-santonin with acid afforded t - santonic 

acid , which was converted to the tctrahydroderivative on mild 

hydrogenat ion, a n d a hexah ydroderivative under more vigoro u s 

conditions, Wi t h bromine in sodium carbonate solution , dihy-

dra-t-santonin was converted to the mono - bromo-lactone, which 

regenerated dihydro-t-santonin on reduction with zinc i n alco-

holic solution, On the grounds of t~e resistance of the free 

51 52 53 
hydroxyl group to acetylation, Cocker and co-wor k ers ' ' 

suggest e d that it is tertiary and probably at c5. They pro -

posed that the e thylenic linkage is ~, ~ or ~' y to the lactoni c 

carbonyl group . 

Dauben and Hance have since shown that the hydroxyl group 

is attached at c 55 
8 

and the ethylenic l inkage i s positioned 

between c4 and c 56 
5 . Reinvestigations into the reactivity of 

55 
the fre e hydroxyl group s howed that t -santonin froms a liquid 

ac etate which regenerated t-santonin on hydrolysis , t -santonin 

48 49 
formed a cathylate and a tosylate, ' and thus the fre e hy-

droxyl group cannot b e terti ary , Chromium trioxid e oxida-

tion afforded a diketone (72) wi th a wide melting point , In -

frar e d and ultraviolet spec tral studies showed that both car-

bonyl functions are contained in a six-membere d ring , The 

hydroxyl group in t-santonin is thus secondary . 

The r eacti on of 1-keto-8- hydroxyant enic acid (73), a 

hydrogenolysis product of t-s antonin, also suggested that the 

fre e hydroxyl group is secondary . On boiling with 98% formic 

acid 73 was stable to d e hydration and a formate was formed. 

A study of the lactones in the * -santonin seri e s indicated 

that both/ , .. . . .... • 
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that both the fre e and lactonic hydroxyl groups must be i n the 

y - position relative to the ~-p ropionic side chain . Hence 

partial structure 74 must be present i n t - s a ntonin . As the 

1 f · · t · 11 1 · 56 ' 57 part1.' al structure 75 must be o e 1.n1.c cen re 1.s a y 1. c, 

presen t . S tructure (76) was therefore proposed for t-santonin. 

58 59 
t - Santonin has been related to t c tr ahydroal antolactone ' 

and its absolute configuration is shown in structure (76), 

2.2.5, Tau rcmis i n ( 77 ) fro~ Artemisi~ taurica Willd.
60 

and 

· A t · · 1 · C~L ) 61 
vulgar1.n f ~om r em1s1.a vu gar1s app ear, by comparison of 

their various derivative, to be alike. A study of tauremisin 

follows:-

Taurern~sin is ~n «, P-unsaturatc~ ketone possessing •• 

Y- lactone and an hydroxyl group (infrared b ands at 1685 1 1790 

and 3 580 cm .. 
1

; ultraviolet absorptioa A-max 21 6 mil' .Log~ = 3 , 81), 

The hydroxyl group is resistant to acetylation and under roes 

dehydration to the anhydro d er ivative (78), which was shown by 

ultraviolet spectrum ()\max 269 mJ.1' log F = 4 .1 0) to be a '=!onj u­

gated dienone , 

Tauremisin was hydrogenat~d to t he saturated dihydroderi-

vative ( 79) , poss essir.g a carbonyl group in a six-memb ered ring 

-1 
(infrared band at 1 710 em ). Vigorous reduction over Adam ' s 

catalyst gave a dihydro-lactone cao ), which was dehydrogenated 

to 1 -methyl-7 -ethylnaphthalene. Th ese facts are explained by 

the presence of either of the systems 81 or 82 i n tauremisin . 

Since it is conv erted in aci d medium to a dienone , the hydroxyl 

group must be in the vicinity of the unsaturated keto-group . 

As t a ur e mi s .Ln is stable to alkal i , t~ : e hydroxyl group must be 

~ to either the double bond or the keto-gro u p. The tertiary 

character o f the hydroxyl function wRs confirmed by attempted 

oxidation o f dihydrotauremisin with c hromium trioxide, whe n 

only starting matnr i al was recovered . Partial structure 82 

is at variance with the stability of tetrahydrotauremisin 

towards lead tetra acetate. Also, partial str u ctur e 81 is in 

accnrdc.nce wi th/ , . •••••••• 
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accordan~e with the production of a non-conjugated ketone (83) 

on treatment of tauremisin with zinc in acetic acid. Treatment 

of 83 with osmium tetroxide gave a dihydroxy-lactone (84), which 

was dehydrated to tauremisin (77). 

On ozonolysis anhydrotauremisin (18) gave formaldehyde and a 

lactone-dicarboxylic acid (85). Hydrogenation of 83 gave a 

dihydroderivative, which was converted to the deoxyderivative by 

desulphuration of the ethylene thioketal. This deoxy-com-

pound ·was identical with santanolide " c" (26) .
18 

The correlation of tauremisin with santanolide "c" proves 

the location of the lactonic group, the trans-configuration of 

the six-memhered rings and the absolute configuration at c5, 

The absolute configuration at C
4 

follo~s 

from the osmium tetroxide oxidation of 83 to 84, which gives 

tauremisin on dehydration. 

2,2,6 . Balc~3nin (86) 
62 

occurs together with costunolide, 

balchanolide and hydroxybalchanolide i n artemisia balchanorum . 15 

The infrared ~ pectrum exhibited absorption bands at 11 40 

-1 
and 1418 em due to an exocyclic vinylidene double bond, con-

-1 jugated with a carbonyl group in a Y- l ~ctone ring (1767 em ); 

frequencies at 3518 and 3628 cm-l are due to a hydroxyl group. 

On mild bydroeenation balchanin was converted to dihyd~o -

h . h . "d" d 63 . w 1c was ox1 1se ~o tetrahydroanhydrotaur-balchanin (87), 

emisin (88),
60 

This conversion proved not only the carbon 

skeleton and the l ocation of the funct;onal groups, but also the 

The ~-conf igurati on 

of the hydroxyl group at cl was shown by stereo-specific 

d t . 64 ( re uc 1on of the keto-lactone 88) with lithium tri (tert-

butoxy) alumino-hydride to the equatorial alcohol (87). 

2.3 . The Ala:t:ltanolides. 

The group is charac t erised by a naphthalenic nucleus, two 

methyl groups, one at c4 and the other at clO' and a Y-lactone 

with the /. 
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with the lactonic hydroxyl at c8. They differ from the san-

tanolides in that the lactonic hydroxy~ group is at c8 rather 

than at c6. 

65 66 
2,3.1. Alantolactone ' (89), its isomer isoalantolac~on~ 

(90) and dihydroisoalantolactone occur in the roots of Inula 

helenium. They all afforded the same tetrahydroalantolactone 

(91) on calalytic hydrogenation and must therefore have identi-

cal carbon skeletons . 

Ruzicka suggested in 1931 that alantolactone possessed the 

structure (92) but attempts to correlate it with santonin were 

. 18 67 
w~thout success. ' Tetrahydroalantolactone was b elieved to 

be an isomer of deoxytetrahydrosantonln, but Tsuda and co­

workers65 showed the existAnce of a n ' lmber of marked diff e:::-en ces 

between these two compounds. 

Dehydrogenation of alantolactone with selenium afforded 

1-methyl-7-ethylnaphthalene thus fixing the position of the 

propionic side chain at C
7 

as in santonin and artemisin. The 

position of the double bond was shown by the preparation of 

66 derivatives and degredative work. 

Tetrahydroalantolactone (91) was converted to the methyl 

ester of alantonic acid (93) 1 which w<. s oxidised with sodium 

dichromate i n acetic acid to methyl-S - keto tetrahydro alant~nnte 

(94) and converted to 8-methyl-tetrahydroalantolactone (95) with 

methyl magnesium iodide. Dehydrogenation of 95 with selenium 

gave 2 1 5-dimethyl-7-ethyl naphthalene (96), showing the lac-

tonic hydroxyl group i s positioned at c8. 

Sodium amalgam reduction of isoalantolactone (90) afforded 

dihydroi s oalantolactone, indicating the . relationship betwe e n 

the two compounds . 

The st ~reochemistry of tetrahydr ~~lantolactone has be e n 

r e lated to t hat of art e mi s in a nd ~-santonin, 58 The stereo­

chemistry o f alanto lactone was elucid ~ted by comparing it with 

59 tetrahydroalantolacton e . The absolute configuration of 

al antolactone/ •. , .. . ... . 
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alantolactone and tetrahydroalantolactone are shown in struc-

tures (89) and (91) respectively, 

been totally synthesised.
68 

Alantolactone has recently 

2,3,2. Ivalin (97) from Iva microcephala 
69 

Nutt was shown to 

possess a hydroxyl group (infrared absorption bands at 3700 

-1 - 1 
and 3500 em ), two double bonds (bands at 1600 and 1645 en , 

and catalytic hydrogenation), and a Y-lactone (infrared bands 

at 1750 em-~), conjugated with one of the double bonds 

(~max 2n~ m~, log~= 4,04) . 

Ozonolysis of ivalin afforded an amount of formaldehyde 

(94%) indicative of more than one ex~cyclic double bond . 

Dihydroivalin (98) was obtained on p2rtial hydrogenation and 

lacked the double bond conjugated wi~h the carbonyl group of 

the Y-1 actone . Formaldehyde was ob A ~ined on ozonolysis ~~ 98 1 

thus confirming the presence of two e xocyclic methylenic groups. 

The hydroxyl group was oxidised to a ketone f l anked by at least 

one methylene group (positive Zimmerman test) . Thus the free 

hydroxyl group is secondary. Dihydroivalin was ozonised to 

a ~-hydroxy-ketone (99) and converted with methanesulphonyl 

chloride in pyridine to an«, ~-unsat~rated ketone (100). 

The mesylate of tetrahydroivalin was converted in boiling 

lutidine to its anhydroderivative (101 ), which was catalyt~c ally 

hydrogenated to tetrahydroalantolactone (91), thus establishing 

the absolute configuration at C
5

, C
7

, C
8 

and C
10

. Sodium 

borohydride reduction70 of 2-keto tet ~ ahydroivalin and rates 

of chromium trioxide oxidation, 71 ina~ility to effect dehy~ r ~ ­

tion with phosphorusoxychloride in pyridine72 and N.M.R. stu-

di e s on ivalin, showed that it is 2-«-hydroxyisoalantolactone 

( 9 7) . 

2.3,3. Asperilin
73 

(102) from Iva ~erifolia Less, and 

I. t exens~s Jackson is very similar to ivalin, differing only 

in the position of the hydroxyl group, Asperilin was hydroge-

nated to/ .....•... 
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nated to tetrahydroaspcrilin, wh i c h was oxidised with chromium 

trioxide to 1 -keto-tetrahydroasperilin (103), Dehydrotetre1:-

hydr oasperilin was different from dehydrotetrahydroival in 

(2 - keto - tetrahydroalantolactone) and dehydrotetrahydroisotele ­

ldn (3-keto-tetrahydroalantolactone)
74 

and must thus be ,, by 

elimi nation, 1-keto-te t rahydro a lantolactone . 

Dehydrotetrahydroasperilin ( 1 03) was converted via the 

thioketal to deoxydehydrotetrahydroasperi l in identical with 

tetrahydroalantol ac t one (91). This conversion establ i s h ed 

the configuration at all the asymetric centres excepting that 

Sodium borohydride reduction 70 of 103 s h owed asp~rilin 

to posses a ~-orientated hydroxyl group as in (102). 

2 . 3.4 . Ivasperin73 ( 1 04) from Iva asperifol i a Less, and 

· ! . texensis Jackson was shown f r om its infrared and ultraviolet 

spectra to be a dihydroxy-Y- l actone similar to asperilin and 

ivalin, It formed a diacetate and the two hydroxyl group s 

were shown to be vicinal because ivasperin (and it r educti n n 

produc~ consumed one mol. of periodate. 

Dihydroivasperin was converted to the 4-keto-derivativ e 

on ozonolysis, which in turn formed a dimesylate, Heatir..~' ~:he 

dimesylat e in pyridine converted it into an ~, ~-unsaturated 

ketone (105), which was catalytically reduced to the satur2ted 

compound obtained on ozonolysis of dihydroasper i linmesylatn . 

This interconversion established the gross structure as well 

as the absolute configuration at all asymetric centres excepc-

ting at c2. This was shown to be as in 104 for lead tetra-

t t "d t" 75 ace a e ox1 a 1on of dehydrotetrahydroaspe rilin (106) afford-

ed an acetate (107), which on s odium borohydride reduction :as 

converted to tetrahydroivaspcrin . 

2 , 3,5. Microcephalin76 (10 8) from Iva microcephala Nutt. 

was shown t o contain two hydroxyl groups (infrared absorpt ion 

-1 1 
band at 3400 em ) and a double bond (infrared band at 1660 em ) 

conjugated with/ ..• . .. • .. 
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conjugated with 
-1 

a Y-lactone (infrared band at 1760 em and end 

absorption at 212m~, (log~ = 3,86) in the ultraviole~. Ozano-

lysis afforded formaldehyde, indicative of an exocyclic m~thy-

lenic linkage, and the enolic «-keto-butyrol~ctone (109). 

Chromium trioxide oxidation of dihydromicrocephalin afforded 

a C
1

-ketone, which was converted via the ethylenethioketal to 

tetrahydroalantolactone (91), thereby establishing the basic 

structure of microcephalin, Since dehydromicrocephalin gave 

a positive Zimmerman test, the secondary hydroxyl group must 

be present in ring A. Microcepha1in did not react with lead 

tetra-acetate nor periodic acid, thus limiting the position of 

this hydroxyl group to cl or c2. 

Dihydromicrocephalin formed an unsaturated mesylate (110), 

possessing an e xocyc1ic methylenic group, The mesy1ate (110) 

was different from the mesylate of ivalin (111), but as the c2 

~-epimer was unknown, the latter could not be e xcluded, Treat-

me nt of 110 with 1ut idine affo r ded an unconjugated diene, 

different from the conjugated diene (112) obtained from 111, 

That no rearrangement had taken place was shown by catalytic 

hydrogenation of the above dienes to tetrahydroa1antolactone 

(91). 

Dehydrodihydromicrocephalin was reduced with sodium bora-

hydrid e to the dihydroxylactone, epimeric with dihydromicro-

cephalin, showing that the C
1

-hydroxyl group is axial and thus 

as in (106) , The epimer formed a mesylat e (113) identical 

with th e me syl at e ob t ain e d fr om dihy d roa s p e r i 1in (11 4 ). Th e 

s t er ioch emis try a t c4 f o llows from t h e d i r ect ion tak en by var ­

ious bimol ec u l ar e limi n atio n s , 77 

2.3.6 . T e l eki n (11 5 ), i sotel e kin (116) and isoa lant ol acton e ( 90) 

were i so l a t e d fr om Tel e k i n s pec i o sa 74 S c hr e b Baumg, 

The infrar ed spectrum o f t elekin e xhib i t e d a f re que n c y a t 

-1 
175 8 em d ue to a Y-l ac ton e , t h i s b a nd t oge the r wi th f r e quen-

ci es - 1 
a t 1411 a nd 11 4 3 em s hows th e pr es e n c e o f a me thyl e n e 

d o ubl e bond/,., . •• ..•. 
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20 
double bond conjugated wit h the lactonic carbonyl group. 

-1 
Absorption bands at 1645 and 3090 em are due to a second me-

-l 
thylenic double bond, while that at 3601 em indicates the 

presence of a hydroxyl group. 

Telekin was converted to a tetrahydroderivative, while 

quantitative ozonolysis and colourimetric determinations showe d 

the presence of two methy1enic double bonds. Dihydrote1ekin 

(117), in which the double bond conjugated with the Y-lactone 

has been saturated, shows a characteristic shift in the infrared 

28 
absorption band of the Y-lactone. 

On dehydration in thiony1 chloride , te1ekin f ormed a mix-

ture of isomers, which was catalytically reduc ed to tetrahydro-

alantolactone (91), The hydroxyl group is t ertiary, being 

stable to chromium trioxide oxidat ion, ~nd its location was 

demonstrated by osmium tetroxide oxidation of dihydrotelekin Ql7) 

to a trio1 (118), which consumed 1.9 mols . of periodate, The 

tertiary hydroxyl group must therefore be at c 5. The configu-

rations at C
7

, C8 and C
10 

follows from the conversion of telekin 

to tetrahydroalantolactone (91), 

Comparison of their similar infrar ed spectra suggests that 

isotelckin is probably an isomer of t e lekin, differing only in 

the position of the hydroxyl groups. Mild hydrogenation con-

verted isotelekin to dihydroisotelekin (119), while vigorous 

reduction gave t etrahydroisot elekin (1 20) in low yield. A 

non-crystalline t e trahydroisomer was also isolated, These 

isomeric tetrahydroderivatives were oxidised with chromiun 

trioxide to a ketone (121), which had an unsharp melting point. 

Treatment of this ketone with potassium carbonate in methanol 

converted it to 3-oxo-4~ (H),-5~(H)-tetrahydroalantolactone (122), 

which had a sharp melting point . These compounds diff e r e d only 

in the ir stereochemical arrangements and possess e d ide ntical 

frequencies in the infrared spectrum (an absorption band at 

-1 1 
1766 em du~ to a Y-1acto n e and a band at 1706 em- due to a 

ketone)/., ...• , ... 
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ketone) . 

Dehydrotetrahydroisotelekin (121) was converted via the 

ethylenethioketal to isoalantolactone (90). This establishes 

the absolute configuration at all asymetric carbon atoms ex-

cepting at c3. The absolute configuration of this hydroxyl 

group is based on molecular t
. 78 rota lons, 

2.4. Furano-compounds related to the Alantanolides. 

The isolation of these Y-lactones from plants belonging 

to the Compositae has led to the hypothesis that the most 

probable precursors of these lactones are furans, which are 

t ransformed according t o SCHEME I. 79 This hypothesis· is based 

on the proved formation of Y-lactones from substances of the 

atractylon-type and from the fur a noeremophilane s . Linderene 

is possibly th e pre c ursor o f the guaianolides. 

80 
2.4.1. Atractylon (1 23) from Atractylodes japonic a 

-1 Koidzumi showed an infrared absorption peak at 1134 em due 

to an ether. The spectrum lack e d bands due carbonyl or 

hydroxyl functions. The pr e sence of a furan ring system was 

inferred from the colour reactions with vanillin-hydroc hloride , 

pine-stick, Ehrlichs reagent and Liebermann and Bu~chard reac-

tions, as well as from th e end absorption at 220 m~ in the 

ultraviolet spectrum. 

The third ethylenic linkage was e xocyclic, (infrar ed ab­

-1 sorption bands at 3077 , 1639 and 866 e m ) as atractylon affor-

ded formald ehyde on ozonolysis. Dihydroatractylon (124), 

obtained o n hydrog e nation over Adam ' s catalyst in met h ano l 

still retained the furan system as indicated by the abovemen-

tioned colour reaction and end absorption at 221 m~ in the 

ultraviolet spectrum. On h ydrogenation in ethyl acetate over 

pall adi un, atractylon was converted to octahydrodesoxylinderene 

(125). 

Atracty1on underwen t autoxidation on standing in air to 

g iv e two/ . . . . .. . .. . 
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give two crystalline produ~ts 126 and 127, both of which con-

tained an ~, ~-butenolide system as inferred from spectral 

studies (both showed \ max = 220m~ and infrared absorption 

bands at 1733 and 1672 cm-l in 126 and at 1736 and 1695 cm-l in 

127). They also displayed bands at 900 and 877 cm-l (vinyli-

dene) and yielded formaldehyde on ozonolysis. Hydrogenation 

of 126 and 127 in methyl acetate over palladium afforded two 

dihydro-derivatives (128) and (129) respectively, both of which 

retained the properties due to the ~, ~-but eno l ide , but lacked 

the exocyclic methylenic double bond. The remaining oxygen 

atom in 127 was present as a hemiketal in the ~, ~-butenolide 

system (ultravi olet - Amax = 264, infrared absorption band at 

-1 
3333 em ). It exhibited weakly acidic properties and was 

easily dehydrated to an anhydroderivative (1 30 ) (ultraviolet -

\max = 275 mj.L), from which 127 was regenerated by dissolution 

in alkali, followed by acidification. Hydrogenation in acetic 

acid over Adam's catalyst in the presence of hydrochloric acid 

converted 127 into tetrahydroal antolactone (91). The dihy-

droderivative (1 28) was identical with the butenolide obtained · 

81 
from alantolactone. 

The interconversion to tetrahydroalantolactone defines the 

carbon skeleton and th e absolute configuration at C5 and C10 . 

Atractylon has now been totally synthesised .
82 

2.5 The Guaianolides. 

This is by far the largest group and is characterised by 

a guaiazulene nucleus containing a Y-lactone with the lactonic 

hydroxyl group at either c6 or c8 . All lactones isolated from 

Ambrosia and Pathenium species are biogenetically "abnormal" 

and possess an errant methyl gro up at c5 . 

As this gro up includes too many compounds to be reviewed 

here, only a f ew examples will be ch~sen to illustrate the 

differences between the "normal" and the 11abnormal" guaiano-

lides. 

2 , 5. 1, The Normal Guaianolides/ ..... 
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2 . 5.1. The Normal Guaianolides. 

2,5.1,1. Cestus lactone, dihydrocogtus lactone and dehydro-

83 
cestus lactone (131) from Saussurea lappa Clarke, all affor-

ded the same fully saturated lactone, They lack other func-

tiona! groups and are the simplest members of this series, 

Dehydrocostus lactone
84 

showed infrared absorption bands 

-1 
at 1764, 3125, 1639 and 893 em , the latter two frequencies 

being due to the methylene groups. Quantitative ozonolysis 

indicated the presence of three methylene groups, while dehy-

drogenation converted it into guaiazulene and chamazulene . 

Dehydrocostus lactone (131) was catalytically reduced to tetra-

hydromokko lactone (132), while sodium borohydride reduct ion 

converted it into mokko lactone (133) , 

85 
2.5.1,2. Artabsin (134) from Artemisia absinthum L was 

shown to be a bicyclic hydroxy-Y-lactone (infrared absorption 

-1 
band at 1785 em ), On hydrogenation in the presence o f 

palladium, artabsin was converted to a complex mixture o f hy-

drogenated and hydrogenolysed products from which four isomeric 

hydroxyguaianolides (135 a,b,c and d) were separated , The 

ease of hydrogenolysis showed a hydroxyl group to be allylic 

and as no acidic product was obtained, it must be the free hy-

droxyl group and not the lactonic hydroxyl group which is 

allylic to one of ~he conjugated double bonds . Artabsin was 

oxidised with potassium permanganate to a trihydroxyoxidolactone 

(136), which in turn was cleaved with periodate to give form-

aldehyde , 

Correlation with matricin (137) placed the free hydroxyl 

group _at c
4

, but a study of the ultraviolet spectrum <Amax = 

248 m~, log ~ = 3.65) indicated the presence of two cis-conju-

gated double bonds in a ~ive-membered ring, rather than a sys-

tem of trans-conjugated double bonds as in matricin (Amax = 
247m~, log~ = 4.32) . 

For structure/ . . ........ . 
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For structure 134 to be valid, one of the hydroxyguaiano-

lides (135) might be identical with a product obtained by re-

duction of isophotosantonim lactone acetate (138), The keto-

group in dihydro-isophotosantomin lactone acetate was removed by 

desulphuration of the thiokctal. During these reactions, the 

acetoxy-group at e
10 

was split off. N.M.R. studies showed the 

product 139 to possess a tetrasubstituted double bond in posi-

tion e
1

(10). 

Dehydration of isomers 135"c" and "d" afforded two isomers, 

that of " d " being identical with 139. This defined the gross 

s tructure for artab s in a s we ll a s the stereochemistry at e 5 , 

c6, e7 and e ll as e x pres sed i n (134). 

2,5 . 1,3. Ar bores c in(l40) fr o m Artemisia arborc s cens L
85 

and 

Matri c aria globi f erra THUMD
8 6 

is closely related to artabsin 

for hydrogena tion o f t he fo r mer afforded the same hydroxyguaia-

nol i des (135) as artabsin, 

Arbo re sc i n wa s s ho wn to po ss es a t risubs t ituted d o uble 

- 1 
bond (i nfr ared absorpti o n b a nds at 823 and 1652 em ) and to be 

-1 
an epoxy-lactone (band at 1760 em ), The abs e nce of high 

int en s i ty absorption i n the ultraviolet showed the Y-lactone to 

be fully saturated . Th e po s ition of th e Y-lacton e was shown 

by the isolation of artemazulene on dehyd r o g enation . Treat-

me nt with sulphuric a cid convert e d arborescin to a dial, which 

could not be oxidi s ed with chromium trioxide nor acetylated, 

T h e et h e r o x yge n must t h us b e att a c h e d t o two t ertiary c arb o n 

a t om s . 

Arbor esci n was c a tal y ticall y r e duced t o a mono -o l, wh ich 

was dehyd r a t ed to a lac t o n e contain i ng a tet r a-s ubsti tut ed 

do ub le bond, This doubl e bond i s n o~ p ar t of t h e Y- lac t o n e 

a nd is t h erefor e n o t a ttached at e 6, e7 or el l' Th e o xi d e is 

n ot at t ac k ed b y lith i um al umi n i um h ydride, wh il e t he d i a l o b -

t ai n ed from aci d t reatm e nt was res i stan t t o per i odat e . Thes e 

fac t s are a l l expl ained b y s tructure ( 140), whi ch is s u pporte d 

b y t h e iso l ation/ . . ...... . . 
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by the isolation of globicin (141), the structure of which has 

87 
been e lucidated, from the same plant . 

The structure of arborescin has been elucidated by its 

synthesis from isophotosantonin lactone acetate (138) . Dihy-

droisophotosantonin lactone acetate was reduced with sodium 

borohydride to a mixture of two epimeric hydroxy acetoxylactones, 

which was benzoylated to 142 , The benzoate was tr eated with 

borontifluoride etherate to give 143, which was oxidised with 

perbenzoic acid to an epoxylactone, which on mild pyrolysis 

gave arborescin (140). 

These results corroborated the biogenetical relationship 

between artabsin and arborescin, while the synthesis from iso-

photosantonin lactone acetate showed the stereochemistry to be 

as in 140 . 

2.5.1.4. Globicin (141) from Matracaria globiferra Thumb 
87 

is 

isomeric with matricin. A detailed study of its chemistry has 

shown globicin to be acetoxyarborescin, 

The stereochemistry of globicin follows from a study of 

the N.M.R. spectrum. 

2,5 , 2 , The Abnormal Guaianolides. 

2,5.2 . 1 . Tenulin, the bitter principle of several Helenium 

species ,
88 

was shown to be efrher (144) or 

Tenulin isomerised in mild alkali to isotenulin, both 

compounds forming the corresponding dihydroderivatives. Saponi-

fication of isotenulin converted it to deac e tylisotenulin, whl~ 

could b e r eacetylated to isot e nulin. Both tenulin and iso-

tenulin were oxidised with potassium permanganate or alkaline 

hydrogen peroxide to tenulinic acid , which afforded an acetyl 

derivative. 

The ultraviolet spectrum (Amax 226m~, log~ = 3 , 85) and 

r -1 infrared spectrum Lbands at 1772 em <¥ -lactone), 1700 and 

-1 -1 
1595 em (cyclopentenone) an d 3620 em (hydroxyl group)] 

indicated that/ ........ . 
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indicated that tenulin possessed a monosubstituted cyclopente-

none system. The infrared spectrum of isotenulin showed bands 

-1 -1 
at 1778 em cy-lactonc), 1705 and 1588 em (cyclopentenone) 

-1 
and 1748 and 1238 em (acetate group), while the band due to 

the hydroxyl group was absent, The spectrum also showed that 

the cyclopentenone system remained intact in the conversion of 

tenulin to isotenulin and therefore the masked acetate in tenu-

lin must b e attached ~ to the lactone grouping as in 146, which 

rearranges to 147 on very mild treatment with base. Both 

potential hydroxyl groups are secondary and attached to a six-

membered or larger alicyclic ring, while both tenulin and iso-

tenulin are bicyclic, Because of the formation of chamazulene 

and linderazulene on reduction and dehydrogenation of isotenulin 

and dihydroisotenulin90 (148) respectively, tenulin was assumed 

to be based on a guaiane skeleton , 

N.M.R. studies have shown that tenulin possesses an angu-

lar methyl group at c5, placing it into the group of abnormal 

guaianolides . The positions of the methyl group at C
10 

and 

the isopropyl residue at c7 wer e inf er red from the above forma-

tion of ~zulenes. The positions of both groups we re confirmed 

by N.M.R. studies , indicating that (1 49) is the correct struc -

ture of tenulin and (1 50) of isot e nulin. This is supported by 
~ 

the conversion of dehydrodesacetyldihydroisotenul in (151) to a 

dibasic «, ~-unsaturated keto-acid, (153) which may now be 

interpreted as being due to the clear age of a ~-diketone via 

(1 52) . On the otherhand, dehydrodesacetyldihydroalloisotenulin 

(154), formed in the hydrolysis of dihydroisotenulin and having 

the lactone ring closed at c6, forms an «, ~-unsaturated di-

keto-acid (15 5 ) only. 

Treatment of the mesylat es of desacetyldihydroisot e nulin 

and desacetyl dihydroalloisotenulin with lutidine afforded two 

different anhydroderivatives, providing chemical evidence for 

the di ffe r ent orientation of the lactone group s . The isolation 

of 156 from/ . . ... .. . 
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of 156 from the latter corroborated the orientation of the 

lactone ring in tenulin, 

Dihydroisotenulin (148) was converted to the thioketal and 

the latter desulphurised to give an oily hydroxy-lactone (157), 

which was oxidised with chromium trioxide to 158, which failed 

to give a positive Zimmerman test. Base catalysed clearage 

of the keto-lactone (158) gave an ~, ~-unsaturated keto-acid 

(159), different from the keto-acid (160) prepared from dehy-

drodesoxodesacetyldihydroalloisotenulin or from similar compoums 

of the Helenium species . 

Further chemical evidence supported the conclusion that 

isomerisation of the normal to the allo-series involves reorien-

tation of the lactone ring, 

The ster eochemistry of tenulin has been determined by an 

X-ray study of bromoisotenulin (161). 91 

2 .5 ,2.2. Parthenin (16 2 ) from Parthenium hysterophorus L 92 

possesses a methylenic do uble bond (infrar ed absorption bands 

-1 
at 1655 and 1592 em ) conjugated with a ¥- lactone (bands at 

-1 
1755 and 1408 e m ) and a cyc1opentenone system ( infrared bands 

-1 
at 159 2 and 1718 em ). The ultraviolet spectrum (Amax 215 

and 340 m~, log ~ = 4,18, 1,34; high intensity absorption at 

206 - 210 m~) was similar to that of he1enalin and baldulin 

and is due to the ~, ~-unsaturated ketone and ~, ~-unsaturat ed 

¥-lactone, The infrared spectrum of tetrahydroparthenin 

-1 
showed two carbonyl maxima, one at 1760 em due to the y-

lactone and the second at 1742 cm-l characteristic of a cyclo-

pentanone carbonyl , The bands at 1655 and 1592 
-1 

em in 

parthenin disappeared on catalytic hydrogenation to tetrahy-

droparthenin (163). Comparison of the N.M.R. spectra of 16 2 

and 163 indicated that an additional C- methyl group was present 

in 163 1 while ozonolysis of 162 gave rise to formaldehyde and 

norparthenone (164). 

Although parthenin/ ........ . 



OJ .., 

- 0 - ......... 

U1 U1 
-..l 0') 

lO ....... --

~0 
0 

- -0') -0 c.n - 00 -
0 

-
U1 
<.11 
........ 

0 

-

0 

(") 0 
0 
0 
:I: 

-
U1 
w 

0 

(") 

0 
0 
:I: 

0 

l' 
CD 

I 



--------------------------------------------------------------------------------------·~-----

- 49 -

Although parthenin formed the tetrahydroderivative, the 

main hydrogenation product was dihydroisoparthenin (165), which 

resisted further hydrogenation. The double strength of the 

carbonyl band in the infrared spectrum at 1745 cm-l indicated 

that the cyclopentenone chromophore had been reduced, while a 

band at 1668 cm-l in the infrared and end absorption in the 

ultraviolet pointed to the continued presence of conjugation , 

The presence of the lactone in 165 is based on N.M.R. studies, 

The tertiary nature of the hydroxyl group was inferred 

from its resistance to acetylation and chromium trioxide oxi-

dation and from the ease with which parthenin and its derivati~ 

are dehydrated, Dehydration of parthenin gave 166, while nor-

parthenone was dehydrated to a product, which was s hown by 

spectral studies to possess a dienone system unconjugated with 

the enolic «-ketobutyro-lactone, The tertiary hydroxyl group 

i s either Y or b to the ~, ~-unsaturated ketone. That the 
• 

hydroxyl group is at the y - position was demonstrated by the 

facile deoxygenation of parthenin and neoparthenin in zinc and 

acetic acid solution. Further chemical evidence supported the 

positioning of this group at cl. 

Lithium aluminium hydride reduction followed by dehydro-

genation afforded artemazulcne, but N. M.R. studi e s of parthenin 

and its derivatives indicated the presence of an errant methyl 

group at c5. 

Anhydroparthenin (166) was reduced to two dihydroderiva-

tives, two tetrahydroderivatives and two hexahydroderivatives, 

one of which (167 b) was identical with tetrahydroambrosin, 

Ambrosin (168) is thus also an abnormal guaianolide . 

2.6. Furano Compounds Related to the Guaianolides . 

2,6.1, Linderene (169)
93

, linderane (170)
1 

linderalactone (171) 

and isolinderalactone (172), all furano-se s quiterpenoids, were 

isolated from the roots of Lindera Strychnifolia Vill. 

Dehydrogenation/, ....... . 
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Dehydrogenation of 169 afforded linderazulene (173), which 

suggested that these compounds are the probable precursors of 

the guaianolides . 

The ultraviolet spectra of linderene and dihydrolinderene 

(174) showed end absorption at 206 and 219 m~ respectively, 

indicating the presence of a conjugated chromophore, besides 

the furan ring, 

structure ( 169). 

N, M,R. studies showed linderene to possess 

The hydroxyl group in linderene was placed at C
6 

because 

octahydrolinderene, obtained on vigorous reduction of linderene, 

was dehydrat e d to 175, which could be reduced to octahydrod e -

hydroxylinderene (176). 

94 
al antol actone. 

The latter has been synthe sised from 

The formation of linderazulene (173) from linderene (169) 

can be rationalised by the two routes shown in sr:;::,z:U.E II, 

2,6,2, Lindestrene (177) from Lindera strychnifolia Villi
95 

was shown by N.M.R . studies to possess two double bonds and a 

furan ring and was hydrogenated to octahy&rod e hydroxy1inder­

ene 076). 

The furan ring in lindostrene is unstable, being converted 

to the stabl e )' -lactonic function as shown in JC~3l 3 III. The 

intermediate (178) was converted to 181, which could be reduced 

to totrahydroalanto1actone, Thus th e methyl group at C
11 

is 

~-orientated. 59 

Tho po s it i on of t h e e x oc yc1 icmet h y 1 e n ic doub l e bond was 

d e mon s t rat e d by o s mi um t et r oxi de oxi d a t i on o f 1 81 to a dihy­

d roxy d eri v a t ive (1 82 ) - c h a r ac t e ri se d by it s N.M.R. s p ect rum -

whi c h o n s odium p e r iodat e o x id a t i on gav e a non- c onjugat e d 

k e ton e (1 83), conv e r ted by ac id to t wo « , ~-unsaturated k etones 

(18 4 ) a nd (1 85 ). Th e doubl e bond i s t hus at C
1

_
2 

i n 1 inde -

s t ren o .. Opti c a l r o tato r y di s p ersi on st u dies s h o we d lindes trene 

to po sse s s t h e st er~oc hemi str y as in 1 77 . 

2,7 . Th e Er emophil enolides /. 
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2.7 . The Eremophilenolides and Petc:;.sitolides, 

These contain a naphthalenic nuc leus and posses s two methyl 

groups, one at c4 and the other at c5 . The Y-lactonic hydro-

xyl group i s positioned at c8 . Free hydroxyl or ketonic groups 

Early work on eremophilone narrowed the structures t o a 

choice between (186) which conformed to the isoprene rule or 

( 1 87) which did not .
96 Both structures contain an ~, ~-un-

saturated ketone and acco u n t for:-

(i) the formation of e~dalene on sodium/alcohol reduction 

and dehydrogenation ; 

(ii) the presence of a methylene group adjacent to the 

carbonyl gro up and 

(iii) the results of hydrogenation and oxidative 

e xperiments. 

T he probl em was resolved by converting tetrahydroeremo-

philone, by reactio n with methyl magnesium iodide and selenium 

dehydrogenation int~ 1 1 5 - dimethyl-3-isopropylnaphthalene, 

clearly derived from 187. Eremophilone had an ultraviol e t 

absorption band at 243 m~ (log ~= 3 . ~0 ). This wavelength is 

closer to the calculated value, 242 m~ for 187 than to 239 m~ 

calculated fo r 186. The low value of t he extinction coeffi-

cient is consistant with the system as in 187 rather than that 

of 186, 

2 . 7 . 1 . Eremophilenolide (188) from Petas it es officinalis 

Moench
97 

is related to petasin (139), isopetasin (190) and 

S-petasin (191) from Petasites hybridus L. Er emophil eno ·l ide 

-1 exhibited infrared bands at 1 760 and 1 693 em , typical of an 

~ , ~-unsaturated 5 -membered lactone, and the ultraviolet 

spectrum ( Amax = 220 - 224, log E, = 4 .1 6) was compatible with 

such a chromophorc. Confirmat ion was adduced by catalytic 

hydro genation to dihydroeremophil c nolide (192) , the infrared 

. -1 
spectrum of which ( band s at 1780 em ) showed that it was a 

saturated Y-lactone ./ ..... . 
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saturated Y-lactone, Reduction of 192 with lithium aluminium 

hydr i de afforded 193, which on tosylation and reduction with 

lithium al uminium hydride gave a mixture of a hydrocarbon 

The hydrocarbon (194) was 

catalytically reduced to eremophilane (195) 98 , while the ether 

was i dentical with tetrahydrof u ranoeremophilane (196) . When di-

hydroeremophilenoljde (192) was reduced, under controlled condi­

tions, with lithium aluminium hydride
99

, and the intermediate 

hydroxyaldehyde (197) subjected to Huang Minlon reduction,
100 

there was isolated the crystalline hydroxyeremophilane (198) . 

This was oxidised with chromium trioxide to a ketone (199a), 

which isomerised with a bas e to (200), The infrared spectrum 

-1 
of the unstable ketone ( 1 99a) exhibited a band at 1430 em , 

indicative of a methylene group adjacent to a k e tone function 

(band at 171 1 cm-
1
), an observation which pointed towards c8 

as the termination point of the lactone ring. This supposition, 

as well as that concerning the stereochemistry of the ketones 

(199a) and (200), was supported by the fo l lowing evidence. 

In the proof of the absolute configuration of eremophilon~ 

101 
the methyl ether (20lc) of hydroxyeremophilone was hydro-

genated, and aft er base equilibration at c7 , the methoxyl func­

tion was removed and the intermediate C
8 

hydroxyl group r eoxi-

dised, The resulting ketone (202) exhibit ed a positive Cotton 

effect,
102 

typical of AlB trans-fused 3-kcto-steroids and 

proved to be identical with a synthetic specimen of known ab-

solute configuration. 

In order to put this interconversion of eremophilenolide 

and hydroxyeremophilone (20la) on a firm footing, attempts were 

made to increas e the proportion of cis-fused hydrog enation 

product. Catalytic hydrog enat i on of 20 l a gave an oily tetra-

hydroderivative (203a), which contained substantial amo unt s of 

the cis-fused isomer. Acetylation of 203a provided a n i so-

meric mixutre of tetrahydroeremophilone acetate (204 a ,b), the 

infrared spectrum/ . .... . . . . 
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infrared spectrum and optical rotatory dispersion of which were 

virtually identical with those of direct hydrogenation of hy-

droxyeremophilone acetate (20lb), Deacetoxylation of 204 a,b 

afforded an approximate 1:1 mixture of cis and trans isomers 

of 199a and b) identical with those originating from eremophi-

lenolide, Their optical rotatory dispersion curves exhibited 

a typical negative Cotton102 effect superimposed upon a posi-

tive background, characteristic of AlB cis-fused 3-keto-steroids. 

This interconversion of eremophi lenolide and hydroxyeremophi-

lone (20la) completely settles the configuration of the former. 

Furthermore, the isolation of the base labile (199a) and base-

stable (200) cis-fused ketones permits unequivocal ste r eo-

chemical arrangement to C
7 

in dihydroeremophilenolide, The 

cis-ring fusion in eremophilenolide points towards the ~-

orientation of the C8 -oxygen atom . 

The presence of the C
4 

equatorial methyl group makes a 

" steroid-like" conformation of the decalin c l early preferred 

over a "non-steroid" conformation. In the "steroid-like" 

conformation the lactone ring in 188 can only be formed with a 

hydroxyl at c8 ~-orientated, A ~-connection would require 

the ring to exist in a v ery unfavourable boat form, This 

latter conformation is not impossible, but molecular rotation 

values of - 12° for 192 and 42° for 196 also favour a c8 - ~ -

orientat ed substituent. 

2.7 .2 , Petasitolide A and Band S-Petasitolide A and B, iso-

lated from the ~hizomes of Petasites officinalis 
2 

Moench, all 

possess an ~, ~-unsaturated ¥-lactone and are derived from the 

h 'l t . . d 2,79,103 same eremop 2 ane- ype sesqu2terpeno1 . 

Petasitolide A (205a) exhibited bands in the infrared spectrum 

-1 -1 
at 1762 em (~, ~-unsaturated ¥-lactone) and 1712 and 1650 em 

(~, ~-unsaturated ester) . In the ultraviolet, the compound 

showed end absorption ~t 218m~ (log~ = 4 , 42). Petasitolide A 

was hydrogenated/ ........ . 
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was hydrogenated in acetic acid over Adam's catalyst to tetra-

-1 
hydropetasitolide A, which showed bands at 1778 em (saturated 

-1 
¥-lactone) and 1739 em (saturated ester group). 

Petasitolide A was saponified to angelic acid and an ~,~-

unsaturated hydroxy-lactone (205e), which was catalytically 

reduced to a dihydrohydroxy lactone (206). Chromium trioxide 

oxidation of 206 afforded a keto-lactone (207~ which showed in­

-1 
frared absorption bands at 1711 em due to a carbonyl group 

-1 
and at 1767 em due to a saturated-Y-lactone. The keto-lac-

tone (207) was converted via the thioketal to dihydroeremophi-

lenolide (192). 

The location of the hydroxyl group was confirmed by N.M.R. 

studies of t h e keto - lactone (207). A singlet at 8 . 71 L cerro-

borated the presence of an angular methyl group, wh il e a doubl~ 

..... . .., 
at 9. 00 and 9 .11 \. . is due to a methyl group in the =CHCH

3 

grouping, The good r esolution is due to the presence of a 

b 1 . th . . . t 104 car ony group 1n e v1c1n1 y, 

S-Petasitolide A ~205c) on saponification was converted to ~-

0 
methylthioacrylic acid, _ m.p. 124 , while pyrolysis gave an 

isomeric acid, m. p. 99 - 100°, which was converted into t h e acid 

of m,p, 124° with alkali, Spectroscopic measurements showed 

S-p etasitolide A to be esterified by the less stable cis - ~-

methylthioacrylic acid, Transesterification of S-pe~asitolide 

A in methanol in the presence o f sulphuric acid led to the 

hydro x y - l acton e ( 20 5e) , 

Petasitolide B ( 205 b) a nd S-petasitolide B ( 205 d ) afforded 

tiglic acid and ~ ~ ~~ ~ 
0 

~-methylthioacrylic acid, m.p, 1 24 , 

t . 1 . 10 5 d t d respec lVely, on p y ro ys 1 s , an h e same h y roxy l ac ton e on 

transesterification. As both t h ese s ub stances we r e iso l ated 

in v ery l ow yields , t hey are probably not p resen t ·in the 

n at ur a l mat e r ial a n d are mor e l ikely artifacts , formed by 

isomerisation during isolatio n . 

2 , 8 , Furano Compounds/ ..... 
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2,8, Furano Compounds Related to the Eremophilenolides, 

2,8,1. Furanoeremophilane ( 208) from Petasites officinalis
2

,
97

' 

98, d p an _. albus L showed infrared absorption bands at 1576, 

-1 
1660, 1776 and 1810 em . The pres~nce of a furan ring was 

confirmed by a positive test with Ehrlich's reagent~ while the 

ultraviolet spectrum showed end absorption at 222 m~ (log ~ = 

3,78), typical of a furan ring, Furanoeremophilane was cata-

lytically hydrogenated to tetrahydrofuranoeremophilane ( 1 96). 

This allows the ster e ochemistry in (208) to be assigned to 

furanoeremophilane. 

Autoxidation of furanoeremophilane
79 

has demonstrated that 

this compound is the precursor of eremophilenolide. A light 

petroleum solution of furanoeremophilane, when exposed to air, 

was converted~ ere~ophilenolide , The latter may also be 

prepared by oxidation of furanocremophilane with oxygen in the 

presence of platinum prepared by reduction of Adam's catal yst . 

Hydroxyeremophilenolide (209) was obtained as a by-product , 

2.8,2 , Pctasalbin and albopetasin have been isolated from the 

rhizomes of Petasites albus , 106 , 107 , 108 P.spurius BCHL and 

P,tomentosus D.C. Petasalbin (210) exhibited absorption bands 

in the infrared at 1565 cm-l due to a furan ring, and at 3485 

-1 
and 3615 em due to a hydroxyl group. The ultraviol et spec-

trum showed end absorption at 220m~ (log ~= 3 , 84) . Th e 

N.M.R. spectrum corroborated the presence of all the protons 

in 210, Catalytic hydrog e nation in ethanol over Adam's cata-

lyst converted petasalbin to the tetrahydroderivative (211), 

wh i le hydrogenation in glacial acetic acid gave a,mixture of 

hydrogenated and hydrogenolysed products . Chromatography 

separated the mixture into eremophilane (21 2 ), tetrahydrofurano-

eremophilan e (196), tetrahydropctasa1bin (211) and t et rahydro-

p etasalbin acetate ( 213 ), P e tasalbin must thus possess an 

eremophilnne skeleton, with the furan ring attached at c8 and 

be s ubs tituted/ . . .. . . , , .. 
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be substituted by a hydroxyl group in an allylic position. 

The position of the hydroxyl group was ascertained by 

oxidation of petasalbin with chromium trioxide to furanoere-

mophilone - 6 (214), which was unlike natural furanoeremophi-

2 
lone - 9 (215). The former had the following physical pro-

perties:- m.p. 62°, infrared absorption bands at 1568, 1615 

and 1675 cm-
1

, ultraviolet maximum at 269m~ (log~= 3,6). Th e 

latter (215) had:- m.p. infrared absorption bands at 1537, 

1667 (probably due to a keto-group-conjugated with a furan ring) 

and 3000 

4.33), 

-1 
em ultraviolet maximum at 280-282 mj..L, (log ~ = 4.15-

The position of the free hydroxyl group was unambiguously 

proved by elucidation of the structure of hydroxyeremophileno-

lide (216), an autoxidation product of petasalbin, also isola-

ted from the rhizomes of P. 108 
al bus . llydroxyeremophilenolide 

was shown by spectroscopic measurements to be a hydroxy-}- l ac-

-1 
tone (infrared bands at 17~5, 1690, 3450 and 3600 em , ultra-

violet absorption at 220 mj..L (log~ = 4,12)) . Chromium trio-

xide oxidatio n converted 216 to a keto-eremophilenolide (217), 

the infrared spectrum of which indicated the presence of an 

«, ~-unsaturated-Y-lactone conjugated with a keto-group (maxima 

-1 
at 1760, 166~ and 1690 em in the infrared). Maxima at 240 

mj..L and 328 mj..L (log~ = 4.03, 1, 90 ) in the ultraviolet is also 

indicative of this chromaphore. The N.hl.R . spectrum confirmed 

this s t r uctur e. 

Th e lactonic hydr oxyl group was shown to b e «-orientated 

by measureme nt of molecular ro t a tory incr e me n ts . 

Al b opetasin ( 218) on sap onification afforded petas albin ( 210 ) 

and tiglic acid tog et her with t races of a ngelic acid. That 

albop e tasin was the tiglate of pctasalbin was demonstrat ed by 

pyrolys is wh e n tiglic acid only was obtained . 

2.8.3, Albopetasol 106 showed max ima in the infrared s p ect rum 

at 3320 and/ ... , .. . .... . 
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-1 
at 3320 and 3370 em due to hydroxyl groups, and at 1568 and 

-1 
1652 em due to a furan ring, The ultraviolet spectrum 

showed end absorption , ~ max= 220m~ (log~= 3 . 82), indicative 

of a furan ring, Active hydrogen analysis showed albopetasol 

to be a diol , No structure has as yet been proposed, 

2.8 . 4. Furanopetasin (219) from the rhizomes of Petasites 

officinalis Moench 211031109 showed maxima in the infrared 

-1 
spectrum due to a hydroxyl group (3608 and 3540 em ), an~, 

-1 
~-unsaturated ester (1718 and 1655 em ) and a furan ring (1567 

-1 
em ) . The ultraviolet absorption peak at 222 m~ (log ~ = 

4.17) is also indicative of the presence of a furan ring. Fura-

nopetasin displayed an intense blue-green colour with Stahl-

MUller reagent, characteristic of a furan ring, Mild alkaline 

hydrolysis afforded furanopetasol (2 20), which also gave a blue-

green colour with Stahl-Mtiller reagent. The acidic fraction 

consisted chiefly of angelic acid, contaminatod with some tiglic 

acid, formed by isomerisation of angel ic acid. 

Furanopetasin was catalytically hydrogenated to the non-

crystalline hexahydrofuranopetasin (221), which gave a crystal-

line tosyl derivative (22 2) . The tosyl derivative (222) was 

converted to tosyloxytetrahydrofuranopetasol (223), which was 

oxidised with chromium tr ioxid e
110 

to tosyloxytetrahydrofurano-

petasone (224). The keto-group was removed by desulphurisa-

tion of the thiokot a l and the r 0sulting deoxyd e rivative (225) 

converted to totrahydrofuranoeremophilane (19 0 ) by reduction 

with lithium aluminium hydride. Hydrogenation of 223 in the 

presence of !~S 2 at 300-320° and 150 atm pressure afforded 

eremophilane (212), thus confirming the nature of the carbon 

skeleton. 

The two hydroxyl groups in furanopetasol were first judged 

to be primary and secondary, for chromium trioxide oxidation of 

t et rahydrofur a nopetasol afforded a lactone-keto-acid (226) 

which on/ ............ . 
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which on elemental analysis contair.ed two more hydrogens than 

was supposed and should have posse~sed a primary hydroxyl group. 

The formation of 226 can only aris~ from oxidative cleavage of 

one of the rings and not merely by oxidation of a primary hy-

droxyl group, The absence of a primary hydroxyl group in fur-

anopetasin and it s derivatives was verified by N.M.R. studies. 

As furanopetasol and tetrahydrofuranopetasol readily affor-

ded a diacetate, both hydroxyl groups were considered to be 

secondary. That one of the hydro }:yl groups is in the vicinity 

of the ether part of the furan ring was shown by the above 

oxidative cleavage of on~ of the rjngs, for this does not occur 

in furanoeremophilane, Furanopet~sol (220) wa s selectively 

oxidised with manganese dioxide
111 

to a furano-keto-alcohol 

(227), the infrared spectrum of whj.ch exhibited bands at 1560 

-1 -1 
em due to a furan ri ng, at 1678 c.nd 1023 em due t o an c<, ~' 

(>-unsaturated ketone in a six-me,mbc re d ring and at 3600 
-1 

em 

due to a hydroxyl group. The ultraviolet absorption p e ak at 

280 m~ (log ~ = 4.37) is characterjstic of a k eto-gr o up at c9 

. t• •t . 103,104 1n conjuga ~on w1 h a furan r1ng, Saponification and 

chromium trioxide oxidation of the desoxyderivativc (225) 

afforded a lactonic acid (228). Hence the free hydroxyl group 

in furanopetasin i s attached at c9 and the other one is acylated 

by angelic acid, T he acid (226) was not a ~-ke to-acid for it 

gave no colour with methanolic ferric chloride and no decar-

boxylation took plac e at elevated i .emperatures in th e pre sence 

of acids . It was esterifi ed with diozomethaneand the result-

ing me thyl ester reduced ·:·-s a y-1 act one ( 2 29 ), which was hy-

drolysed to the corre s ponding l act0ne-hydroxy-acid. Pyrolysis 

of the latter afforded 230 , which possessed an absorption band 

in the infrared spectrum at 1774 cm- l characteristic o~ a y-

lactone. Hence th e acylated hydr 0xyl group in f u ranopetasin 

This supposition was c0nfirmed by mass spectro~e-

t~y of the deut e rated dikct one (281 ). 

The' absol ut e / ......•..... 
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The absolute configuration of both hydroxyl groups followed 

from the reaction of tetrahydrofuranopetasol with thiortyl 

chloride in pyridine, A cyclic sulphite (232), which can only 

arise when both hydroxyls are «-orientated, was obtained. 

3 , DISTRIBUTIOn, ECOLOGY, GENERAL INFORMATION AND AFFINITIES . 

3,1, Distribution, 

Xalanga, Queenstown, Glen Grey , Wodehouse and Graaff Reimt 

districts, 

3 . 2. Ecology and General Information . 

Euryops fl or ibundus is a greyish shrub, commonly called 

"Harpuisbos ". It gro ws from 2 - 5 feet high, but may reach 

7 feet under mor e favourable conditions, It grows mainly on 

sandstone slopes, 

The plant is decla~ed a noxious weed in certain of the 

above areas and where it infests the soil, t h e grass is ousted, 

increasing the rate of soil erosion. The pl ant has conspicu-

ous yellow flowers and blooms mainli in Spring and Winter. The 

flo wers, but not the fo liage, are eaten by sheep, A decoction 

of the resin from Euryops species is taken by the Nama in fevers 

3,3, Affinities. 

I th . . d . t ' 11 2 d . n e or~g~nal escr ~p ~on, bas e on a spec ~men 

collected by Galpin (Number 1536) fro m the Qu eenstown Division 

(in valeys near Queensto wn , Alt . 3500 ft.), Brown states : -

"Affinis E. pendunculato N .E . Br . , pend u nc uli s tripo l i bre-

vioribus facile di stinguitur." 

According to the Chief Botan i st, Pretoria, E .tenuissimus 

Less is t h e c losest affinity , Other closely related s pecies 

in order of affinity are: E linifolius D.C. and E ,brevipappus 

IA .D. Hend erson . E . floribundus N . E . Br. differs fro m E. 

tenuissimus Les s . by its broader and lesser {8-9) involucre 

scales (E.tcnuissimus has 12-20) and by the fact that its old 

stems are not so rough, 

4 . EXPERIMENTAL/ . . . ...•. 
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4. EXPERI~lliNTAL. 

4 . 1. The Extraction of Euryops floribundus. 

The plant material was collected on the farm "Sondagsri­

vier Hoek" about 25 miles to the west of Graaff Reinet during the 

period Octo b er , 1962 to November, 1964 . 

The extraction of IV(c) is discussed:-

Undried stems (16,8 kg.) were cut into small pieces and 

steeped in cold acetone (110 L.) for 2 days. The e x tract was 

filtered and the solvent removed by fl~sh distillation. The 

resulting aqueous resin was extracted with ether (3 L.) and 

washed with water. Evaporation of the solvent afforded a sticky 

gum (399g) (2,38% of undried plant), which was dissolved in 25% 

ethanolic potassium hydroxide (500 ml.) containing water (50 

ml.). After heating under reflux for six hours, water (500 ml) 

was added and the alcohol remov ed under reduced pressure. The 

residue was then extracted with ether (8 x 400 ml), washed with 

water (5 x 200 ml) and dried (Na
2
S0

4
) . The filtered solution 

was concentrated to 300 ml . , whereupon a crystalline solid 

separated. 

4.2 . The Extraction of Euryops tenuissimus , 

The plant material was coll e cted, approximat e ly ten miles 

from Grahamstown along the Cradock road, during late November. 

The extract ion was carried out as for E,floribundus (7.1) 

In Table I are recorded the results of extrac tions 

carried out over two years. 

Table I/ . .. , ., ... 



TABLE I. 

TABLE OF EXTRACTIONS. 

I ate Extraction ·.'!eight of Weight of I We ight of I a· m.p. 0' Euryopsol Euryopsonol 
collected. Number. plant. resin. crystalline oro 7o 7o 

'-'· obtained from obtai ned I solid, 
from 

I 
crystalline crystalline I 
solid. solid. ! I 

I I i E . f 1 o 1' i b u n d us . 
I i 

29 .10.1962 I I(A) 3.7kg. dri e d 106.5 g 1.4 g 200 - 215 --- 21 I 
(B) a ·.7kg. " 319.0 3.4 

! 
I g g 207 - 209 --- 19 . , I 
I ! I I ., 

26 •. 2.1963 II CA) 18.8kg. undried 248.3 g 4.3 g 200 - 205 \ 

I l 
I 

(B) 17.4kg. " 331.3 g 16.2 g 205 - 209 

I 
55 ---

(C) 17.7kg. " 330.5 g 13.2 g 197 - 207 i 
l I 

I (D) 12.0kg. " 249.4 g 8 .3 g 192 - 203 j 

I 
20.5 .• 1963 ! I II (A) 17 .9kg. " 248.2 g 7 .2 g 194 - 197 \ 

! ! i 

I CB) i 1 6 .4kg. ll 327.0 g 5.4 g 195 - 198 ~ 45 10 I 

.J 
t 
I 

I C C) ! 12.0kg. II 285.0 g 3. 5 g 190 - 1 96 
I 

I I I 

I 
2. 12_19 631 IV(A) 16.81\:g. II 305.8 g 8.2 g 190 - 203 '\ 

~· 15 53 
I (B) 17.0kg. II 406.0 g 7.0 g 197 - 206 i 

l I 
, ) 

(C) 16.8kg. II 399.4 g 12.0 g 195 - 210 16 46 I I 

(D) 15,8kg. " !365 .0 g 6. 5 g 198 - 207 - -- 63 

I : I I 

I I I 
I 

TABLE I cont/ ......•.. 



TABLE I cont. 

Date I Extraction 
I 

Weight of Weight of ~'lei g ht of 
collected . I Number. plant. resin. c rystalline 

I 
s olid. 

I ' I I 
I I I 

:-.o . 4 .196( V(!\.) I :::..S.lkc . und r i 0 t l 2 3 2 .. () ~ I 1:1 , 0 '-' I r; 

(B) I 20.lkg, " --- 22,3 g 

I (C) 9,5l<g. " -- - 6 . 6 g I 
! 

VI CA) 
I 

" i 20 . 5, 19 64 ! 20.0kg, - -- 1 0 . 4 g 
I I 

CB) 19 .5k g . " 10.0 -- - I g 

(C) 19,5kg, II --- 12. 2 g 

I (D) 1 7.2kg , II -- - 8.7 g 

(~) 19,lkg. II --- 13.0 g 

24,11.1965 VIICA) 1 8. 7l<g . II 2 6 7 . 0 g 5.2 ,..,. 
0 

CB) 22 ,4kg . " 353.5 g 5.5 g 

I ' 
(C) I 21.4kg , " 414.0 g 8.7 g 

I 
I 

I I E . tenuissimus. 
' ~-

VII I(A) j30 .11.1 963 lO.lkg. " 3 28.0 g 7.8 g 

I 
: 

m.p. 
oc 

I I 2 1 r I l7 J - I 

1 85 - 197 ll 
190 - 210 

IJ 
--- \ 

--- ~ 
- --
- --

---

173 - 1 75 

1 69 - 170 

174 - 175 

1 62 - 164 
! 

I 
(!1 Eur y o psol . ' 
obtai nGd fro rr. 
c rystalline 
s ol id . 

I 

i 
lG ; 

30 

I 4 5 

I 75 

46 I 
49 I 

100 

100 

100 

100 

% E ur yo psonol 
obtained from 
crystalline 
solid. 

('- '? 

59 

- --

---

12 

11 

---

---
---

- --

I 

I 
I 

I 

l 

I 

! 

"' (.J 



- 71 -

4,3 The Purification of the Crystalline Solid from Euryops 

floribundus. 

The purification of IV(C) is typical. 

The crude extract (12 . 0 g) was dried under reduced pressure. 

The u l traviolet spectrum showed a maximum at~= 280m~ . , (log 

~ = 4.033). Since pure euryopsonol has a maximum at ~ = 280, 

(log~= 4.16), this crystalline material contained 75% eury-

opsonol. The crude extract was dissolved in dry tetrahydro-

furan (150 ml) and the solution poured onto a column (4" in 

diameter) of neutral alumin (325 g) (treated with dilute hydro-

chloric acid and activated at 1 80 - 190° for 24 hours). De-

tails of the chromatogram are given in Table 2 (300 ml. eluates 

being collected). 

Fraction Solvent. T.'Je i~ht. 

1 Dry ether 1.06 g 

2 Dry ether 4.76 g 

3 Dry ether 0.11 g 

4 Dry ether 0.23 g 

5 Ether + 1% ethyl alcohol. 0 . 20 g 

6 Ether + 1% ethyl alcohol . 0 , 48 g 

7 Ether + 1% ethyl alcol:ol, 1. 20 g 

8 Ether + 1% ethyl alcohol. 0 , 68 g 

9 Ether + 5'7o ethyl alcohol . 1,37 g 

10 Ether + 5% ethyl alcohol. 1 , 30 g 

11 Ethe r + 5% ethyl alcohol. o:3o g 

12 Ether + 25 '::. ethyl alcohol . 0 , 06 g 

Fractions l - 2 were combined and crystallised from b e nzene 

(60 ml) to give ye~low n eedle-like crystals (3 . 4 1 g), mp,223 
0 

229; A,max = 28 0 mp. (log ~= 4,12). Concentration of the 

mother liquors afforded a further 0.48 g, m. p. 214 - 218°, 

Frac tion 3- 6/ .. . .. .. .. . 
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Fractions3 - 6 were combined and crystallised from benzene 

(30 ml) to give yellow needles (0,89 g) , m.p. 223 - 225°, 

Fraction 7 crystallised from benzene (30 ml) as yellow needles 

0 
( 0. 6 9 g) , m • p 1 2 2 2 - 2 24 

Fraction 8 crystall ised from methyl alcohol (15 ml) as fin e J 

0 
white needle-like crystals (0 . 55 g) m.p. 173 - 174 

Fractions 9 - 12 were combined and crystallised from methyl 

alcohol (35 ml) to give fine, white needle-like c rystals (1.4~) 

173 - 174°. m.p. The ultraviolet spectrum (~ = 280 m~, (log 

~ = 1.82)) indicated a maximum of 0,4% euryopsonol , 

Euryopsonol. 

Recrystallised from ethyl alcohol (charcoal) to give large 

1 1 t 1 m.p. 230 - 231° co our ess crys a s (decamp,). 

Found:C = 72, 6, 72 ,6, 72.3, 72.81 % 

H = 8. 2, 8 . l' 8 .1, 7,84% 

C - methy l = 6.1, 

Molecular \'leigh t CRast) 216 , 225 

(Mass spectrogram) 248. 

Two double bonds 
22 

[c<JD = 36 ( chloroform) 

A max = 280 m~ (log ~ = 4 , 16) 

~max = 21 2 m~ Clog ~= 3,22) 

Calculated for C H 0 : 
15 20 3 

C = 72 . 55% , H = 8.12% 

One C - methyl = 6,05% 

Molecular weight = 248 , 

Euryopsol. 

Crystallised as fine white ne e dJ.es from ethyl alcohol, 

slightly solubl e i n benzen e (0. 4 c /100 ml) and ether, 

0 
m.p. 169 - 1 71 . 

Found/ ....... . .... . 
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Found:C 67.78, 67.59, 67 , 59% 

H 8 , 33, 8,33, 8. 32% 

c methyl 17.29% 

Molecular weight (ebullioscopic) 205 , 234, 254. 

(Mass spectrogram) 266. 

Active hydrogen = o.ao, 0.84~ 

+ 0 14 (ethanol) 

A. max 220 m!-L (log ~ 3 , 68) 

c = 67 . 65';;,, H = 8,33% 

7hree C - methyl groups 16.94% 

Molecular weight = 266 

Active hydrogen - two hydroxyl groups 0 . 76% 

4.4 . Purification of Crys talline 3xtr~ct from E . tenuissimus . 

Crystallised from methyl alcohol as white needles, m.p . 

0 
167 - 169 . 

Mixed melting point and infrared and ultraviolet spectra 

showed it to be identical with Euryopsol isolated from 

E. floribundus, 

4,5, Lithium Aluminium :Iydride Reduction of Euryopsonol . 

A solution of euryopsonol ( 2, 03 ~ , dri ed for 18 hours at 

80°/2,0 m, m.) in 65 ml . of tetrahydrofuran (dried first over 

sodium and distilled over lithium aluminium hydrid~ was added 

dropwis e , over a period ~f 50 minutes, to a stirred sl urry of 

lithium aluminium hydride (4.96 G) in dry tetrahydrofuran 

( 50 ml) . The mixture was stirred for 3 hours and then re-

fl u xed for 7 hour s , The excess hydride was decomposed by 

adding wet ether (50 ml) fo l lowed by 50 ml. of dilute sulphuric 

acid, the aqueous layer separated and extracted with ether 

( 5 .x 50 ml) . The combined extracts were washed with saturat e d 

sodium bicarbonate soluti on and water, and dried CNa
2

S0
4
). 

nemoval of/ .. ......•.. 
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Removal of the solvent left a yellow oil (1.79 g), ~max 280 m~ 

(log ~= 2,77), which could not be crystallised. From the 

ultraviolet absorption , the oil contained a maximum of 4,5% 

unreacted euryopsonol. 

4. 6 Dehydrogenation of the Lithium Al_)..lminium Hydride Reduction 

Product . 

The above oil (1,79 g) was intim ntely mixed with 30% 

palladised charcoa1113 (0,99 g) in a 25 ml. flask, fitted with 

an air condenser 30 em~ in length, The apparatus was flushed 

with pure nitrogen for 30 minutes and heated at 305 - 310° fo r 

5 hour s , when 235 ml, of gas was evolved, chiefly during the 

first 1
11

2 hours . The reaction produ~t was extracted with 

hexane (5 x 40 ml.)> filt ered througl• a celite pad an d dried 

The filtered extr act was po ured on t o a column (2 em , 

diameter) of ::. -:.utral alUi:iina (30 g) and e lut ed wi th dry hexane. 

Details of the chromatogram are given in Table 3 . 

TABLE Z> • 

Fraction Solvent . Weight Remarks, l 
1 Dry hexane ( 150 ml ,) 48,8 mg. oil 

2 Dry hexane ( 150 ml.) 63 . 3 mg . oil 

3 Dry h exane (150 ml . ) 20,0 mg. oil 

4 Dry hexane (150 ml. ) 1.5 mg . oil 

5 Hexane/Benzene 1: 1 050 ml.) 16 . 3 mg. oil 

6 Hexane/Benzene 1:1 (150 ml.) 6 , 0 mg. oil 

Fractions 1 and 2 wer e dissolv ed in h o t ethyl alcohol (1 ml.) 

and added to a hot solution of trinitrobenzene (21,5 mE .) in 

ethyl alcohol (1 ml ,), Reddish yellow crystals (18, 7 mg), 

m. p. 99 - 101°, separated en cooling and were r ecrystallis e d 

fro m me thyl alcohol to give 9,3 mg. o :t adduct, 0 
m.p. 104,5-106. 

Found:C = 60 . 61%; li = 4 , 88%; N = 10.47% 

A max 228 m~ (lo~ ~ 

~ max 282 m~ (lo g ~ 

5, 03 '71) 

3,7971) 

Calculated/ .•....... 
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c = 60.45%; H = 4,82% ; N = 10,57%. 

Further dehydrogenation experiments are summarised in 

Table 4, 

TABLE 4. 

D~hytirogenation of Euryopson01 and Euryopsol. 

-
1\'1, p. of Trinitrobenzene Elemental Analyses Ul t r a v i o 1 e t spec-

adduct:- of adduct. t ·rum of hydro car-

%C. '1-a. (ioN, bon obtained from 
adduct. 

(i) Obtained from 
Euryopsonol, 

81 - 91° 59. 28 4.81 8' 70 ---

(ii) Obtained from 
Euryopsol. 

(a) 82,5° 59 .41 4,'11 --- )\.max 220 
=m~.26) (log E; 

?-~max 253 mu 
(log E; = '3 . 99) 

\_max 283 
=m~ . 50) (log E; 

167 - 168° -- -- --- ---

(b) 75 - 76° 58 . 69 5,24 9.74 ---
(c) 79 - 81° 57.38 4 ,95 16.72 ---

(d) 8 1 - 82° 59. 57 4.44 --- A_ max 215 mj.L 
(log E; = 4 . 25) 

}._max .252 m!-L 
(log E; = 4 . 29) 

A_ max 28 2 m!-L 
(log t: = 3.77) l,. 

·-

4 . 7 . Hydrogenation of Euryopsonol , 

Euryopsonol was hydrogenat e~ on • . micro scale with 

various catalysts in different so lven : s . The results are 

summarised in Table 5. 

TABLE 5/ .......... . 



- 76 -

TABL2 5. 

\'/e ight of Catalyst I Solvent Vol um e of Mo ls. H2 Remarks. 
euryopso- r hydrogen absorbed 
nol. absorbed per mo l. 

at N.T .. P. euryop-

I 
sonol . 

I i 
2 .01 12.50 mg . 2~i F-d / ethanol! 2,34 ml. /) 

CaC03 

9 , 70 mg . 20' J.} Pd/ e thanol 1.69 ml. 2.0
1 

CaC03 I 

15.3 5 mg. 30% Pd/ ethanol 2,70 ml. 1.97 
BaS04 

19 .60 mg. 30% ' Pd/ ethanol 3,36 ml. 1.90 
BaS04 

21.75 mg. 3Q'Jv Pd/ ethano l 4. .1 7 ml. 2 .1 2 A. = 280 ml-1 
BaS04 

(log t = 2 ' 6 t: ) 

I 
(3.5% unre . . c t ed 
e uryopsono1 ) 

21.3 2 mg. P t0
2 eth anol 3 , 80 ml. --- No end -~o i !'). t. 

over 3 (11% unr e a :::t L: d 
hours. euryopsonol). 

13,25 mg. P t0
0 aceti c 3 , 34 ml . 2 . 8 No end poi ' 1 t . 
"' acid over 

I 
I 

1, 25 
hours . 

A macro hydrogenation was carried out by shaking a mixture 

of euryopsonol (0.350 g), 10% palladium /BaS0
4
114 

(O. G5 g) ~nd 

e thy l a lcoho l (100 ml) und e r hydrogen f or 3.5 h o urs, when ~7 ml. 

of hydrogen at N.T . P . (1,90 mols . ) were absorbed . After +he 

catal~st had been filtered off, t h e fi l trate showed)·. max 

280 m}-1 (l og~= 2 . 76) , correspo n ding to the presence 0f ab ~ u~ 

4% unchanged euryopsonol . Thin l a y e r chromatograph~· on s :.l :..ca 

gel plates, run in 30% e thyl acetate in benzene and ~~vpl n~ e ~ 

by spraying with 3 0 % chlorosulphonic acid in acet i c acid, Jhc wed 

a majo r spot at RF = 0 , 27 , with a minor spot at 0.43 rclat'.:1c 

to e uryopsonol. Re moval of t n e so lve nt left an oil, whic·. ·;·as 

extracted with peroxide froe ether and dri e d (Na
2

S0
4
). Rc;:'!o':al 

of the so lvent l ef t a compl etely c l e ar oil ( 200 mg), which could 

not b e induced to crystall ise and failed to form a 2 , 4-di~itro-

phenylhydra zone ~ uriv~tivo . 

4 , 8. Hyd rogen ation/ .. , . . .... . 
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4.8. _Hydrogenation of Euryopsol, 

Hydrogenations were carried out in ethyl alcohol and acetic 

acid over Adam's catalyst and palladium /BaS0
4

, but no definite 

volume of hydrogen was absorbed. A solution of euryopsol in 

115 
chl oroform showLd no colour change with tetranitromcthane, 

suggesting the absence of unsaturation . 

P n A ~ 4 . 9. reparation of buryopsono l cetate. 

Euryopsonol (208,5 mg , ) was ·dissolved in redistilled acetic 

anhydride (3 ml) and dry pyridine (4 drops) added, The mix -

ture was left at room temperature for 20 hours and the solvent 

removed under reduced pressure. The crystalline residue, after 

two re crystall isations from methyl alcohol, had m.p. 196- 197 

0 
( recorded m. p. 196 - 198 . 

Found1 :c 70,4 , 

H 7. 7 ' 7.9 r: 

A. max 280 m~ (log ~ = 4 .17) 

Calculated 

c = 70 . 32%, H = 7 . 64% 

4.10. Hydr o lysi s of Euryopsonol Acetate. 

A sol ution of euryopsonol acetate (58 , 0 mg) in methyl 

alcohol (5 ml) containing KOH (0, 2 g) was refluxe d for 2 hours. 

Water (10 ml) was added an~ the methyl alcohol removed, under 

reduced pressure , The mixture was extracted with ether 

(4 x 15 ml), the extract washed with water and dried (Na
2
S0

4
) . 

Re~oval of the solvent afforded a crystalline product (36 mg) 

0 
m,p, 226 - 227 , identical with authentic euryopsonol, 

4.11, Tetrahydroeuryopsonol Acetate. 

A solution of euryopsonol acetate (20 , 7 mg) in ethyl 

alcohol (lO ml) wa.s shaken under hydrogen with 30% Pd/BaS0 114 
·1 

(39,8 mg), 3,11 ml . (1,9 5 mols,) hydrogen at N.T,P. being 

absorbed. Filtration and removal o f the solvent left 17.4 mg . 

of solid m,p. 1 28 - 138°. Repeated r ecrystallisation raised 

th e m,p , / ....... . 
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the m.p. to 135 - 140~ 

Found: C = 68.57%, H = 8 , 74% 

A max = 280 m~ (logE = 2,5G) indicating the 

presence of about 2.3% unreacted euryopsonol acetate. 

Calculate for C17H260 4 : 

C = 69 , 36%, H = 8 , 90% . 

4 .1 2 . Attempted Oxidation of Euryopsonol Acetate with Sodium 

D . h t 116,117. 1c roma e. 

Euryopsonl ( 286 .5 mg) was converted to its acetate by 

heating at 100° in acetic anhydride (3 - ·. ) for 6 hours. The 

excess acetic anhydride was decomposed with water (2 ml.) and 

the solution add ed to a solution of sodium dichromate dihydrate 

(507.4 mg) in acetic acid (7 ml . ). The mixture was heated in 

a glycerine bath at 100 - 103° for 5.25 hours and ethyl alco-

hol (1,5 ml) and hot water(40 ml) added . The resulting crys-

talline precipitate (86 mg) had m, p. unchanged on admixutre 

with e uryopsonol acetate . 

4,13, Euryopsonol Acetate 2,4 Dinitrophenylhydrazone . 

A solution of euryopsonol acetate (54.9 mg) in ethyl alco-

hol (3 ml) was added to a warm solution of 2,4 dinitrophenyl-

hydrazine (40 mg) in ethyl alcohol (2 ml), containing one drop 

of concentrated sulphuric acid. 118 
After 24 hours the cr;s-

talline product ( 4 7 , 5 mg) was filtered off and recrystalllsed 

0 to a constant melting point of 278 - 279 , 

(4 ml). 

Found: C = 58 .41 , 57 , 90% 

H 5. 7 6 ' 5,45% 

N ~1.14, 11.80% 

~max 390m~, (log ~= 4.51) . 

Calcul ated for n H N 0 \...- 3:3 2 6 4 7: 

from ethyl acetate 

C = 58 ,72~ , H = 5 , 57%, N = 11,91% 

4 . 14 Euryopsol/,, .. .. .. . 
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4 ,14. Euryopsol acetate . 

A solution of euryopsol (237.3 mg) , m.p . 165-167°
1 

in 

redistilled acetic anhydride (3 ml) and dry pyridine (10 drops) 

was heated at 120-125° for 4 hours, then l eft at room temper-

a ture for 12 hours , The excess acetic anhydride was decom-

posed with water (2 ml) and the mixture extracted with ether 

( 5 x 15 ml) . The c th e r Jal so l ution was washed with a dilute 

solution of sodium carbonate and with water, then dried 

Filtration and removal of the so l vent left a clear 

yellow oil, which could not be crystallised, The oil was dis-

-3 0 
tilled at 10 em pr ess ur e , between 110-120 as a viscous 

f luorescent oil. 

Found:C = 70 , 69%, E = 7 . 72% . 

The acetate was prepared in ac e tyl chloride-pyridine and 

acetic anhydride-pyridine (room temperature ), but in each case , 

the oily product fail e d tc crystallise . 

4,15 , Hydr o lysis of Euryopsol Acetat e . 

A solution of euryopsol acetate (90 mg) in methyl alcohol 

(5 ml) containing potassium hydroxide (0,2 g) was refluxed for 

4 hours , Water (5 ml) was added to the r e sulting dark brown 

solution and th e solvent r e mov ed und e r r e duced pressure , The 

precipitate, which formed , was fil t ered off, m, p , 200-203° . 

A solution of e uryopsol (1 2 .0 mg) , m,p. 170 -173° , was 

heated in hot ethyl alcoho l for 30 minutes . Addition of water 

resulted in a precipitate, m,p , 1 75° , 

Euryopso1 0 (30 mg) m. p . 1 69-170 , was r e flux e d in e thyl 

a l coho l (2 ml) and water (0,5 ml) containing KOH (0.15 g) for 

1. 5 hours. Th e solution, which had dark e ned sligh tly, was dilu-

ted with water~ ml) a nd cooled in ice, The r es ulting preci-

pitate, m.p. 184° 

' 
showed an intermediate melting point on 

admixture with aut h ent i c euryopso l. 

The i nfrared sp ectr a of e uryop sol and the hydrolysis pro-

duct, m,p, 200 - 203° 
' 

s h owed those compounds to b e identical , 

On recrystal li sation/ .. . . . .. . 
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On recry s tallisation from water-ethyl a lcohol, the melting 

. 0 
point dropp e d to 174-175 . 

119 
4.16. Euryopsonol Benzoate. 

A mixture of euryopsonol (81,6 mg), dry pyridine (3 ml) 

and benzoyl chloride (6 drops) was kept at room temperature for 

24 hours. Water (15 ml) was added and the mixture extracted 

with ether. The ether extract was washed with N H2S0
4 

to re-

move traces of pyridine, then with lO 'tc aqueous N a
2
C0

3
, water 

Removal of the solvent and recrystalli-

sation from ethyl alcohol afforded 52 , 9 mg of white needles, 

0 
m.p. 164-165 . 

Found : C 

H 

74.32, 7t1 , 42, 74.22~
1 

7 01 7 01 7.0 8%. . ' . ' 

c = 74.98%, H = 7.19% 

4,17. Attempted Preparation of Euryopsol Benzoat e , 

A mixture of euryopsol ( 563 mg), dry pyridine (15 ml) and 

redistilled benzoyl chloride (3 ml) was kept at room tempera-

t ur e for 36 hours . Water (25 ml) was added and the mixtur e 

extracted with dichloromethane ( 5 x 25 ml) whi c h was washed 

with N HCl, 10% aqueous sodium carbonate and water. The ex-

tract was decolourised with charcoal, dried (Na 2S0 4 ) and eva­

porat e d to give a clear light-yellow oil (722 mg) which was 
' 

. 0 -4 
distilled at 120 /5 x 10 m. m, It c ryst al li s ed partly, but 

could not be satisfactor ily purified. 

8 A ~ . E 120 4,1 . ttempted 1osy1at1on of ·uryopsol. 

p -Tolue n e s ulphonyl chloride ( 267,3 mg) was added to a 

solution of e uryopso l (60,4 mg) in dry pyridine (2 ml\ the 

mi x ture shaken at room t emperature for 0,5 hour, then h eated 

on a steam bath for a furth e r 0 . 5 hour. The excess chloride 

was decompo sed wi th ic e and extract ed as in 7,16 . Re moval o f 

the solvent l ef t 48 , 5 mg , of c lear oil which could not be 

crystalli sed. 

4.19 , Euryop s onol/ ........ . 
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4,19. Euryopsonol 2,4-Dinitroph0nylhydrazone,
121 

A solution of e uryopsonol (49 rug) in hot ethyl alcohol 

(1 m1) was added to a solution of 2,4-dinitrophenyldrazone 

(49 mg) in hot di~lyme (1 ml). Concentrated hydrochloric acid 

(2 drops) and methyl alcohol (1 ml) were added and the mixture 

left at room te~perature overnight . The orange crystals (52 m~ 

which separated, were filtered off and recrystallised from ethyl 

t t 2u0 ~-236° ace a e , m. p. v (dec). Recorded m.p. 288.5 - 289°. 

F d C - r.n 8Q~ oun : - ::>u, ,,, , H = 5,74%, N = 12.48% 

4 . 51) A max = 391 m~ (log s 

Calculated for C
21

H
24

0
6
N

4
: 

c = 58,89%, H = 5.65% . N 13 , 08~~ 

,~ A o ~ 122 4 . 20 . ~eriodic cid xidation of ~uryopsol. 

(i) To a solution of euryopsol (137 ,7 mg) in e htyl alcohol 

(10 m1), 0.1936 N periodic acid (15 m1) was added, the mixture 

left at room temperature for 42 hours, 0 . 9576 N sodium arsenite 

solution (30 ml) add ed and the excess arsenite titrat ed with 

0 .09326 N iodine solution (12.70 ml). It was found that 1 , 23 

mol s, periodic acid oxidiscd one mol. curyopsol. Steam dis-

tillation into a solution of 2,4-dini+rophenylhydrazine did not 

give a precipitate, thus no formaldehyde was formed . 

(ii) A solution of euryopsol (383,1 m=> and periodic acid 

(967 . 7 mg) in et h yl alcohol (15 ml) and water (2 ml) was kept 

at room temperature for 58 hours. The excess acid was decon-

posed with ethylene glycol (1.5 ml) at room temperature for 36 

hours . ~ater (60 ml) was added and t h e product extracted with 

ether (5 x 20 ml), washed with 10% aqueous sodium carbonate 

Removal of the solvent l eft an oil 

- 3 (265,2 mg) which was subjected to distillation at 6 x 10 m.m. 

Raising the temperatur e to 70° caused the oil to darken into 

a green resinous gum, which faiicd to distil. 

4.21. Dehydroeuryopsonol . 

To a solution of ~ uryopsonol (1 000 g) m p . ' . . 0 
227·-230 , in 

pure acetone/ , ...... . 



- -2 -

pure acetone (70 ml) (distilled over potassium permanganate), 

the oxidant, a solution of chromium trioxide in dilute sul­

phuric acid
123 

(8N with respect to oxygen), (1,6 ml) was added 

dropwisc from a microburette unti l a peristant orange - brown 

colouration indi cated that oxidation was complete, The mix-

ture was 
0 

kept at 17 for 5 minutes, after which period, water 

(100 ml) and ethyl alcohol (2 ml) was added. After reduction 

of the volume to 110 ml, the mixtur e was left at 5° overnight, 

The white crystals (0,370 g) m. p . 215-217° were filtered off 

and dried in vacuo, The product crystallised as white needles 

(,650 g) m , p, 
0 221- 3 from methyl alcohol (40 ml), Concen-

tration of the mother liquors afforded a further , 220 g, m.p. 

214-215°. Dehydrocuryopsonol sublimed readily at 150~ 

-4 0 
15 x 10 m.m.,the sublimate melting at 224-5 . 

Found: 7 2. 91' 72.97% 

II= 7 . 65, 7.50% 

" max (EtOH) = 280, (log 1; = 4 . 16) 

" max CEtOH - NaOH) = 280 , (log ~ = 4 .16) 

16 
(oC]D 69° 

c = 73,17%, H 

4 , 22 . Colour tests on Dehydroeuryopsonol . 

(a) When a drop of aqueous FeC1 3 was added to a solution of 

dehydroeuryopsonol (5 mg) in ethyl alcohol (0 , 5 ml), the 

colour was unchanged, accordingly dehydroeuryopsonol is not an 

o(-di keton e
1 21 

nor an enol i : ~-diketone . 

(b) Dehydroeuryopsonol (3 mg) in freshly prepared Tollens 

124 
reagent gave a negative result , thus it is not an aldehyde, 

( ) Z . t 123 A . c 1mmerman est :- solut1on of dehydroeuryopsonol (l mg) 

in 2 N cthanolic potass ium hydroxide, when mixed with l~ ~ -

dinitrobenzone (1 ml) gave a light purple colour, which int en-

sif i ed after five minutes . As e ur yopsonol on similar treat-

ment gave a/ . .. .. .. .. . 



ment gave a negative test, dehydroeuryopsonol thus contains an 

unhindered methylene group adjacent to the newly formed ketone, 

D 0 
. 125 

4. 23. ehydroeuryopso nol x~me . 

A solution of dehydroeuryopsonol (33 mg) in ethyl a l cohol 

(1 ml) was added to a solution of sodium acetate (112 mg) and 

hydroxyl a mine hydrochloride (45 mg) in ethyl alcohol ( 1 ml) and 

water (3 drops) and the mixture refluxed for 1.5 hours . The 

volume was reduced to l ml , the solution cooled and the crys-

tals, which separated, filtered off . Recrystallisation from 

methyl alcohol-water (1:1) • gavo 2G.5 Dg , of dehydrocuryopsonol 

oxima, m.p. 198-200°. 

Found: C = 69. 00~~, H =: 7,62%, N 4,71%, 

c = 68.941. , H = 7 . 33% , N = 5.36~ 

4,24. Attempted ~reparation of Euryopsonol Oxime , 

Euryopsonol was treated and worked up as in 4 , 23 and gave 

unchanged material. 

4 , 25. Att em pt ed Preparation of Euryopsonol Semicarbazone . 

A solution of euryopsonol ( 42 mg) in ethyl alcoho l (1 ml) 

was added to a solutioil of sodium acetate (100 mg) and semi-

carbazine hydro chlorid e (60 mg) in ethyl alcohol (2 ml) and 

water (3 drops). The mixture was refluxed and worked up as 

The crystalline precipitate m. p . 223-230° did not 

contain nitrogen and the melting point was unchanged on ad-

mixture wi th curyopsonol, 

4 , 26. Att cmp~ed Preparation of De hydroeuryopsonol 2 , 4-Dinitro-

phenyl hydrazone . 

Dehydroeuryopsono1 ( 21 mg) was dissolved in ethyl alcohol 

(1 ml) and the solution added to a solution of 2,4 dinitro-

phenylhydrazine (~4 mg) in et hyl a lcohol (2 m1) and concentrated 

sulphur i c acid (3 drops). 

The orange/ . .. .. ,. , , ,. 
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The orange precipitate was quite insoluble in normal sol-

vents and could not be r ecrystal lised. 

. . . 126 127 
4,27. Furfuryl1dene Der1vat1ve of Dehydroeuryopsonol, ' 

A mixture of freshly distilled furfural (0,2 ml) and 

30% aqueous sodium hydroxide (0.4 ml) was added to a solution 

o f dehydroeuryopsonol (120 mg) in ethyl alcohol (15 ml) and 

the mixture kept at room temperature for 4.5 hours. The vol-

ume was reduced to 4 ml. 0 and the mixture kept at 5 over n ight. 

The yellow crystals (111 mg) after recrystallisation from 

ethanol had m.p. 213-214,5°. Thin layer chromatography, o n 

silica gel plates, run in 30% ethyl acetate in hexane and 

d eve loped by spraying with 30% chlorosulphonic acid in acetic 

acid and heating to 100°, showed that no dehydroeuryopsonol 

was present in this materi~l. 

Fo und c 

A max= 285m~ (log~= 4 .26) 

C«, ~' Y, a-unsaturated ketone). 

A max = 326 m~ (log ~ = 4,34) 

<«, p-unsaturated furfurylidene ketone). 

c = 74.06%, H = 6,21% 

4,28, Attempted Dehydration of Euryopsonol . 

Euryopsonol (52.8 mg ) was intimately mixed with alumina 

31 0 
(1 51 mg) and heated at 190 /0.05 m.m. over three hours. 

The sublimate (34.5 mg), m.p. 215-218°, which formed was 

shown by mixed_melting point and infrared spectrum to be 

identical with authentic euryopsonol . 

4.29 . Dehydration of Euryopsol. 

(a) Euryopsol (98.4 mg) was intimately mixed with alumina31 

(200,6 mg) and heated a t 140° as in 4 , 28. The sublimate 

(63 mg) was/ .......... . 
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(63 mg) was recrystallised as white needles from ethyl alcohol 

(32 mg) m, p, 1 74-5°, identical with starting material . The 

residue was shaken with alcohol and filtered , The filtrate 

had an intense green colour and the oil , ob tained on removal of 

the solvent, could not be induced to crystal lise. 

(b) Euryopsol (100 mg) was mixed with anhydrous potassium hydr~ 

128 0 
gen sulphate (210 , 5 mg) and heated at 140 /0 . 05 m, m. for 

three hours in a sublimation apparatus. The green oil, which 

collected on the cold finger, failed to crystallis e . 

4 . 30 , Reaction of Euryopsonol with Borontrifluoride diethyl 

. 1 29 
ct h erate. 

Borontrifluoride diethyl etherate ( 6 drops) was added to a 

solution of euryopsonol (98 mg) in tetrahydrofuran and the mix-

ture was heated under reflux for 1 hour, then kept at room 

temperature for 74 hours. Water (10 ml) was added and the 

mixture extracted with ether, The e thereal extract was washed 

with l0 '7o aqueous sodium bicarbonate, water, dried (Na
2
S0

4
) and 

the solvent removed to give a solid, which r ecrys tallised from 

ethyl alcohol; yield 63 mg. This was shown by mixed melting 

point and. infrared spectrum to be identical with authentic 

euryopsonol. 

4 . 31. Reaction of Dehydroeuryopsonol with Borontrifluoride · 

d . t 129 1e hyl etherate . 

Dehydroeuryopsonol (100 mg) was treated with borontri-

fluoride diethyl etherate as in 4 , 30 to afford a white crys -

talline product (95 mg) identical in all respects with aut~entic 

dehydro e uryopsonol. 

4,32, Attempt e d ~reparation of ~cetonicte130 of Euryopsol . 

Euryopsol (303 mg) was di sso lved in p ur e dry acetone 

(15 ml) and d ec inormal hydrochloric acid (4drops) added . The 

0 
mixture was h eated at 55 for 3 minutes and kept at room 

temperature for/ .•.. . .... . 
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t emp eratur e for 26 hours . The intensely green solution was di-

luted with water (50 ml), the acetone removed under reduced 

pressure and ext racted with chl o roform (4 x 20 ml). Th~ e x-

tract was was h e d with 10% aqueous sodium carbonate , water, dried 

(Na
2

S0
4

) and the solvent r emoved to give a dar k gum (196 mg), 

which could not b e d e colouriscd nor induc e d to crystallise . 

4,3 3, Reaction of Euryopsonol and Euryopsol witl1 :odi um 

h . d"t ' t' 131 - 134 ypo1o 1 c ~olu 1on. 

( a ) To a so lution of euryopsonol (31 mg) in dioxan e (3 ml) 

containing 10% sodium hydroxide (0.5 ml), an iodin e -potas s ium 

iodide sol ution (2 g iodine and 1 g po t ass ium iodide dissolved 

in 8 ml. water) was added until a permanent iodine colour per-

sis t ed, The mixture was kep t a t r oom temperatur e for fi v e 

minutes , then h eated at 60° for 2 hours. 

Euryopsonol d i d not deposit iodoform under the:; .:· c<:.!lC:itin:ns. 

(b) Eu ryopsol (32 mg) wns treated as in (a) and also fai l ed to 

deposit iodof o rn. 

4 .34. Reaction of Euryu ps ol with 0 . 2 N ilydrochl oric Acid i n 

Sthyl ~!cohol in the ? res e nc c of Ad ~m ' s Catalyst under 

Jrydrogen . 

A mixture of euryopsol (167 ,8 and 1 47 . 2 mg), Adam ' s 

Catalyst ( 180 :::~~· ) and 0 . 2 H hydrochloric acid in ethyl alcohol 

0 
was shaken und er hydro g en for 4 hours at 60 , when 71 . 4 and 

66.0 ml . of hydrog en ( S .l and 5 . 3 mols) wore absor b ed . ' All 

attempts to extract the produc~ from t h e colourless solution 

r es ulted in a green g un , wh ich fail ~ d t o crystallise and could 

not be decolouri scd with cha~coal, 

4 . 35 . Action of Concentrated Hydrochloric Acid on Eu ryo p sol . 

Concentrated hydrochloric acid (4 ml. ) was added to a 

solution of e u ryopsol ( 215 ug) in ethyl alcohol ( 4 ml) and the 

mixture h eat e d und e r r r flux for O. G hours . The green precipi-

tate (180 me ), m.p . 200-220° -' wc.s fi lt ered off (filtrat e colo u r-

less) and found/ .... .. .. . .. . 



less) and found to be readily soluble in et h y l alcohol and 

aqueous sodium hydroxide. All attempts to decolourise or re-

crystal lise this precipitate failed, The ultraviolet spectrum 

showed a broad shoulder with 

A max EtCH - HC1 = 295 m~ (log ~ 3. 70) . 

4 , 36, Action of p-Toluensulphonic Acid on Euryopsonol and 

Euryopsol, 

( a) To a sol u tion of euryopsonol ( 1 03 , 7 mg) in acetic anhydride 

( 1 0 ml ), p-toluensulphonic acid (25 mg) was added. The mixture 

was heated at 120° for 2 hours in which time it tur n ed green, 

The excess anhydride was decomposed with water and the solution 

extracted with chloroform , The extract was washed with 10 ~ 

aqueous sodium carbonate , water, dried (Na
2

S0
4

) and the solvent 

removed to give a green gum (85 mg), which failed to crystallise. 

(b) A solution of eur yopsol (248 mg) and p-toluenesulphonic 

acid (43 mg) in benzene (5 ml) was refluxed under nitrogen far 

3 hours. The green solution was washed with water and dried 

Removal of the solvent afforded a brown gum (2,1:8 mg) 

which could not be cryst~llised. 

4. 37. Action of 10% Sulphuric Ac.id in Acetic Acid &n Eur yopsonol, 

A solution of euryopsonol (184 mg) in a mixture of concen-

trated sulphuric acid and acetic acid ( 1 :10) (1 ml) was heat e d 

0 
at 80 for 12 minutes . The green solution was cooled, diluted 

0 
with water (4 ml) and the precipitate (180 mg) , m. p . 186-188; 

filtered off and washed with water , Recrystallisation of the 

dried product in benzene-hexane (1:2) (2ml) gave long colour-

0 
less needles (142 mg), m,p, 198-199 Mixed melting point, 

elemental analysis and infrared spectrum showed this product 

to be identical with euryopsonol acetate . 

Found: c = 70 . 13%, H 7 .67% 

c = 70,32%, H = 7,64% 

4 , 38 Action of/ . .. . 



4,38, Action of 10% Sulphuric Acid in Acetic Anhydride on 

Euryopsonol, its derivatives and on Euryopsol. 

(i) Euryopsonol. A so l ution of euryopsonol (32 mg) in a mix­
a 

ture of sulphuric acid and acet i c anhydride (1:10) (0,5 ml) was 

0 
he ated at 80 for 12 minut es . The green solution was cooled 

and diluted with water (5 ml) but failed to afford any crys-

tallinc material, 

(ii) Dehydroeuryopsonol under the same conditions as (i) gave 

a green colour more intense than euryopsonol and also failed to 

afford any crystalline product. 

(iii) Euryopsonol acetate gave a gr een colour comparable to 

the int e nsity obt~ined from e uryopsonol , 

(iv) Euryopsol . A sol ution of euryopso l (16 mg) in the above 

sulphuric acid - acetic anhydride mixtur e (0.5 ml) was heated 

as in (j). It turned a wine red colour, changing to pale blue 

after about 4 hours . 

. 95 135 
4,39. Ehrl 1chs Tc~. ' 

The r eagent was pr cp~:· ::d by dis col ving p-dimethyl amino-

benzaldehya e (100 mg) in ethyl a lcoho l (3 ml), cooling and 

adding co n centrat e d hydrochloric acic (3 ml), 

The above reagent was added to a solution 

of euryopsonol (10 mg) in ethyl alcoho l (0,5 ml). No colour 

was produc e d, 

(ii) Euryopsol under the same co nd i tions as (i) gave an in-

t ense purple colour which turned brown after half an hour. 

(iii) Eurvo-q_s_p.1_A..£_et ;•.J:e w::u:; pr .:pare;.l by refluxing e uryopsol 

(30 mg) in acetic anhydr id e (2 ml) and pyridine (3 drops) for 

0.5 hour, The solvent was r e moved und e r high vacuum and the 

residue dissolved in ethyl a lcohol (1 ml), On adding the 

reagent, the so lc t ion turned an i ntense indigo-blue colour, 

4.40 , Perbenzoic . Ac~~~-~qati on of Euryopsonol and Euryopsol , 

The perbenzoic acid was prepared in chloroform
136 

and the 

cont -:- nt determined/ .•......... 



d t . . 137 f 1 1 content e erm~nea as · o ows: - To perbenzoic acid (5 ml), 

acetic . acid (15 ml) and a solution of potassium iodide (500 mg) 

in water (3 ml ) wu~e a Jded, and the mixture allowed to stand for 

5 minutes. Vate ~ ( 60 ml) was added and the free iodine titra-

ted with a 0.1 N stand a rd so lution of sodium thiosulphat e . 

(i) The rate of r aac tion was determi ned by allowing 0 . 1 m. 

mole (25 mg ) to r ~act with 0 , 35 m.mole, perbenzoic acid at room 

temperature for v a ry ing times and back titrating the unchanged 

perbenzcic u cid, The results are summarised in Table 6, 

TABL2 6 . 

Time of 
:;;·eaction. 

Mols . perbenzo i c acid 
f

- ------ - --- -----·r 
absorbed per mol. of 

I I i c ompound . 
I j---- -----+---- -----------l 

I I 
(a) Eur~opsc~ol l . : 4,25 hour s, No absorption. 

3 • No absorption, 

' 2 2 . 5 hours , 

i ! 70.0 hours . 

2. No absorp t ion, 

r----·-· ---- ···-· -·--- - -- -- ------· ·-····-·- f-··- --·-- - - ------ -----·---··----

(b) Euryopso::.. 1 . "1 I . , 

-· t . .. _, h o urs. 1.73 

~ . ~3. 2 5 hours . 1,79 

., 
~c.o hours . 1,70 ~ . 

' -" . GG, J ho u rs. 2 , 08 

-------- --- ------i--------...1.-------------~ 

(ii) Euryopsol (1 . 013 g; 3,8 m. mols . ) · was disso l ved in per­

benzoic ac i d solution (120 ml), (8.0 m,mols,) and stored at 5° 

for 42 hour s . T h t.< chJ.oroform so l uti on was washed with 3N 

sodium hyd r0xi d e , water and dri e d . Removal o f the solvent 

le f t a pal e ycl l o~ oil, which was r e fluxed with 10% ethanol ic 

potassil'""l hy ':l ro xi.c.'~ (20 ml) under nitrogen for 2 hours. The 

so lution , whic h h ·· _, ''"l, ' k 0 liP.d on saponification , was di l ut e d with 

water ( 1 0 0 ml ) anC e xtr ac te d with p e r oxide-freeether (3 x 60 mll 

This ethcre~~ nxt~~c ~ · ~f orded a clear yell o w oil (0 .24 g ), 

which was n · •; inv · --:ti :; . ~tc c~. :!: u rther . 

The aq~1 : ous :. ~·.y e:: w:=ts acidified with 5N HC1(8 ml) and 

extracted with/ • • . . ..•.. 



- S0 -

extracted with et h er ( 3 x 70 ml). The brown ethereal e}:tract wns 

washed with water and dried (Na2S0 4 ) . Removal o f the so l vent 

l ef t a light brown crystalline solid (0,74 g), which on sub-

l imation (80-35° /5 x 10-3 m,m . ) afforded co lourl es s needles 

0 
(0 .50 g) , m.p. 120-121 of benzoic ac id (mixed m,p. and equi~ 

valent weight). 

(iii) Ehrlich test. Euryopsol (39 mg) was tr eat ed with excess 

perbenzoic acid for 4 1 ho urs , after which time, it failed to 

give a colour with Ehrlich 's reagent, 

4.41. Perbenzoic Ac id Oxida tion of Acetylated Euryopsol, 

(i) The rate of r eaction was determined by h eating a solution 

of euryopsol (2 5 mg portions) in acetic anhydride (0,5 ml) 

and dry pyrid i n e (4 drops) at 120° for 0.5 hour s. The excess 

anhydride was r e moved under high vacuum and the residue allowed 

to react with perbenzoic acid (0,35 m.mol.) at 5° for varying 

times. The results a =e summarised in Table 7 . 

TABLE 7. 

Time of r e action . Mols. p e rb e nzoic ac i d 
absorbed p e r mol,euryop s ol . 

1 . , ., r.o urs • 1 .1 2 ... 
2 . 0. hc ur s. 1,1 6 

3 • S 5 h c ·J.rs. 1,07 

4 . ( acetylat e d 
at room 
t e mp e rature.22 .5 hours. 0,99 

(ii) Euryopsol (500 mg) was ac e tylat e d in ac e tic anhydrid e 

(11 ml) and dry p yr id ine (0.5 ml ) a t room t e mperatur e for 24 

h ours. (No co l our atio n o c curr e d at this low t e mp e ratur e ), Th e 

0 
solvent was r emoved und e r r e duced p re ssur e and 50 J lea ving a 

c l ear yell o w oil, whi c~ was dissolv e d in c hloroform ( 2 ml). 

P e rb e n zo i c acid s o lutio n (1.1 mo ls.) was add e d, the mi xtur e 

0 
kept at 5 f or 27 hours , wash e d wi t h 3N sodium hydroxid e 

( 5 x 30 ml), wat e r/ .. .. . . ..•• 
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(5 x 30 ml), wate~ and dried (Na
2
S0

4
) . Removal of t h e chloro-

form left a ye l low oi l , which was ref l uxed with 5% ethanolic 

soqium hydroxide (20 ml) under nitrogen for 1 hour, then kept 

1; 
~t room temperature for 22 2 hours, Tne saponiti c ation pro-

duct was worked up as in 4,40 (ii) . T h e sublimate ( 126 mg) was 

a l so found t o be benzoic acid, 

(iii) Ehrlich test . Euryopsol (39,2 mg) was acetylated and 

t r eated with perbenzo ic ac i d solution for 41 hours as in 4,41(1), 

The solution was diluted wi th ethyl a l coho l (0 , 5 ml) and fai l ed 

to give a colour with Ehrlich ' s reagen t . 

4 . 42 , Preparation of Thioketal of Dehydroeuryopsonol. 

To a sol u tion of dehydro e uryopsonol (300 mg) in analar 

a cetic acid ( 8 ml)Jethanedithiol (0 , 5 ml ) and borontr i fluoride 

diethyl cth c rate (0,2 ml) were added and the mixture k ept at 

r oom temper a ture :o r 45 hours . Th e mixture was di l uted with 

water (40 ml ) and cooled in ice , A solution of potassium hy-

droxi de (13 g) in wa ter (25 ml) was added and the precipitate 

filtered ar.d drie~. 7he crude precipitate (300 mg) was dis-

solved in boiling e thyl alcohol (50 ml) the solution filtered 

and the volume r ed uc e d to 15 ml. to give 230 mg . of d e hydro -

0 
euryopsono1thiokotal , m, p , 184-186 . This product s ub1 im e d 

• readily at 1 1 0-120° /1 ~ 10-3 
m. m. (3hours). the sublimate me lt-

0 
ing at 186-7 . 

, 

Found: C = 6 3 , 46%, H = 6 . 9~-

c = 63,30 ~", H 6 , 88% 

4 , 43. R?J.n~Nickel Desulphuration of Dehydroeuryopsonolthio-

ketal_: PrepGl:_ration of Deoxydehydroeuryopsonol, 

A solut ion o f dchydro e uryopsonolthioke tal (123 mg) in 

methyl a l cohol :aca tone (1 8 ml, 1:1) was h eat ed under reflux 

for 9 hours with freshly prepared Raney nickel (2 g).
138 

The solution was ~ i l tered througll a cclite pad, the so lvent 

removed a nd/ , . . . . . . .. . . . . 
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removed and the product dissolved in acetone (5 ml) and then 

kept at 5°. The crystalline precipitate (87 mg) was filtered 

off and chromatog ~aphed on neutral alumina (5 g), using benzene~ 

hexane 1:1 as eluant. Thin layer chromatography of the pro-

duct (41 mg) on s i lica gel in benzene-ethyl acetate (3:2) and 

sprayinR with 30% chlorosulphonic acid in acetic aci~ showed a 

single ~pot, RF = 0,70. Crystallisation from h e xane-benz e n e 

0 -2 
(5:1) f c llowed by sublimation at 90 /1 x 10 m.m. afforded 

needles of deo xyd ·~ hydrocuryopsonol, m,p, 145°. 

Found: 

17 
[c<JD 

'78. 0 2%, 

20° 

H = 8,76% 

A ma;.:: = 280 J.'lL ' (log ~ = 4,1 7 ). 

Calculated f o r C
1

_H?
0

0 0 : 
• .) ..;.J .!J 

c = 77 . 5 5%, H = 8,36%, 

4. 1.4 Dr e para t ion of 2 4 - Dini tro phenyl hydrazone of Deoxydehy­
" 1 21 

d r o eur yo p so :10 1 .. 

T o a s oluti ~n of deo x ydehydroeuryopsonol in e thyl alcohol 

(1 ml) a solution of 2
1

4 dinitrophenylhydrazinc (32 mg) in hot 

diglymc (1 ml) an~ co n cen t rat e d hydrochloric acid ( 2 drops) 

were adCed, Aft o r being kept at room temp e rature for 36 hours, 

the cry~tal J in e p ~oduc t was filt e red off and r c crystallised 

from ethyl ac e tat e (15 ml) to afford orange ne e dl e s (20 ~~) o f 

deoxydPhydr G curyo Jb ~nol 2,4-dinitrophe nylhydrazone m.p. 283° 

(d e c , ) 

Fo u nd: c = 62.18%, H = 6,21%, N 13,94%. 

c = 61. 16 ';' , H = 5 8 7 '7- N . ' 13, 58%. 

111 
4 4 5 . Mangane s e D~oxi do Oxidation of Euryo ps ol, 

( i ) A solu~ ion o ~ ouryo p sol ( 38 mg) in chlorofor m ( 8 ml) was 

s hak e n ·.'li th f r cs h .·_y p rep ar e d mangane s e dio x id e (4. 0 g) for 1 

h o ur. Th e mixtu~c was f i l tered and the s olve nt r e move d under 

reduc e d p r essur e . Th i n l a y e r chro ma tography of the r e sidue 

o n sili c a g e l/ . ........ .. . 
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on silica gel, run in ethyl acetate-benzene (1:1) and developed 

by spraying with 30~ chloro s ulphonic acid in acetic acid, show­

ed 2 spots Rp = 0 . 21 (int ense ), and 0.50 (;:z.int). 

(ii ) A solution of euryopsoJ. (32 mg) in benzene (10 ml) was 

shaken and worked up as in (i) . Thin layer chromatography 

showed 2 spots identical to those of ouryopsol. 

5. DISCUSSION OF RESULTS. 

The aerial portions of Euryo.E.§_ floribundus N.E . Br. were ex­

tracted thoughout the year, Table 1, and the c ontent of resin-

ous extract found to vary with season. A maximum content of 

euryopsonol was found during midsummer and a maximum content 

of euryopsol during the autvmn months. 

The l eaves were removed and the undri ed stems and branches 

cut into small pieces and extracted by steeping in cold acetone 

for 48 hours. After filtr a ti o n, the extract was co ncentrated 

by flash distill a tion, the n queous resid u e extracted with ether 

and washed with water . Re~oval of the solvent left a brown, 

sticky gum, which was sapon i fied with hot ethanolic potassium 

hydroxide, Water was adde~ and the alcohol removed under 

r e duc ed pressur e . The r os~due was uxt r acted with ether, 

washed with wat e r and dri e d (Na
2

S0
4
). F iltration and concen-

tration of the dark r ed solution afforded a crystalline pr ec i ­

pitat e , which was c l early a mixture of y e llow rhomb s and wh ite 

n eedl es . 

The crystalline solid ·.1as dissolved in dry tetrahydrofuran, 

a bsorb ed onto neutral alumi.1a a nd e luted with dry eth e r, eva-

poration of whi c h gave e ury0 psonol, The co lumn was then 

el uted with e ther c ontainin . ethyl a l coho l to g i ve relative ly 

pur e c u r y opsol. 

5.1. Eurycpsonol. 

Pr e vious work e r s showed e uryopsonol to have th e e mpiri cal 

It form r~ d crystalline acetate and 2 ,4 -dini-

t ro phenylhydrazone/ ........ . 



trophenylhydrazone and thus possesses n free hydroxyl group ~nd 

a keto-group. Euryopsonol is doub ly unsat urated affor d ing a 

non-crystalline t et r ahyd rod or ivative, and possess es a single-

C-mothyl group. E uryopsonol absorbed 1 . 48 mols. perbenzoic 

acid, but the e poxid e could not be isolated in a pure state . 

The infrared spectrum (CHC1
3

) of e uryopsonol (fig 1) show­

- 1 
e d absorpt i on b ands at 3640 em due to a free hydroxyl group , 

-1 
1670 and 102 5 em due to an«, 0, Y, b-unsatur a ted keton~ ~~ lle 

-1 
lG63, 1126, 1080 and 880 em were attributed to the 

ether mQd e of a furan ring. Zuryopsonol did not possess an 

infrare d absorption band due to an oxocyclic methylene group 

and the absence of such a function was co n firmed by ozonolysis; 

no formal d e hyd e was produced. 

The ultraviolet spectrum of e uryopsonol showed a maximum 

at 280m~ , Cl og~= 4 .16 ) ,
2 

indicative of an«, ~ ' Y, o -unsa­

turated k eton e and end absorption at 212m~ (log~ = 3.32) 

corresponding to the ~~o7 ~ mentioned chromaphores . 
r 

Although e uryop s onol failed to give a colour with Ehrlich ' s 

r eagent, it did form a green colour with mineral acids as did 

2 the extractiv ~ s of P etasites officinal is Moenc h. When e u r y-

opsonol was heated with acetic anhydrid e containing p-to lue ne 

sulphonic acid , a light green colour was produced . Sol u tions 

of euryopsonol and of euryopsol in 10~ sulphuric acid in acetic 

anhydride turned green; an int ense green colour formed with 

dehydro e u ryopsonol . Euryopsonol, refluxed with 10% sulphuric 

a cid in acetic acid, readily afforded e uryopsono l ace tate . 

Two of the oxygen atoms present in e uryopsonol had pre-

viously been characterised as a hydroxyl group and as a ketone:-

The presence of a single hydroxyl group was confi rm e d by the 

formation of a mono-acetate an d a mono-benzoate and the absence 

of absorption bands duo to a hydroxyl group in the infrared 

spectrum of ~uryopsonol acetate {fig . 2 ); The presence of a 

single keto-group was likewise demonstrated by the formation of 

a mono -2 , ~-dinitrophcnylhydrazone for both e uryopsonol and 

e uryopsonol acetate/ ... ..... . 
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euryopsonol acetate, The infrared spectrum of euryopsonol 

acetate 2,4-dinitrophenylhydrazone (fig 3) showed a band due 

to the carbonyl of the acetate group, but lacked the frequencies 

due to the ~, ~' r, o-unsaturated ketone . The analyses of 

both these dinitrophenyldrazones ruled out any possibility of 

. 139 140 
them being pyrazol1nes, ' Accordingly the hydroxyl group 

is not adjacent to the keto-group, The ultraviolet spectrum 

of the 2,4-dinitrophenylhydrazones of both euryopsonol and 

euryopsonol acetate showed broad bands at 330-450 m~ with 

maxima a t 390m~, (log ~ = 4,51), indicative of an~, ~' Y, o-

141 
unsatur ated k e tone. 

Ac e tylat i on of e uryopsonol did not alt e r the s t e r e ochemis-

try of the fr e e hydroxyl g roup, for saponi f ication of the a c e-

tate regener a ted e u r yopsonol. Euryopsonol acetat e was c onver-

ted to the tetrahydrod erivative on mild hydroge nation, 

The ab s en c e o f an epo x id e function in euryopsonol was shown 

by th e stabilit y o f e uryops onol and d e hydroeury o psonol towards 

boron trifluori d e di e thyl-etherat e
129

; only unchang e d st a rting 

material being recov e red, 

Lithium aluminium hydride r e duction of e uryop s ono l a ff or ded 

an oily product, which showed abso r ption at 279 m~ (log ~ = 2 .7~ 

and failed to ab s orb hydrogen on catalytiQ reduction, 

frared spectrum of this oil posses sed a maximum at 1730 

attr i but e d to a keto-group in a six-membered ring . 

The in-

-1 em 

Much e ffor t was e xp e nd e d in att e mptin g t o ob tain r eco g-

ni sabl e pr o ducts fro m the d ehydrogGnation o f e u ryopsono l, but 

wi t ho ut s u cce s s . Thu s, t h e materi al obtain ed on reducti o n of 

e uryo p s onol wit h lith i um alumini um hydr ide was dehydrogenate d 

~ c1 1 s o direc t ly with 3 0 to Pd / for 5 h ours at 3 0 5 - 310 . Chr oma t o-

grap hy of the prod uct on alumi na gav e a fractio n reacting wi t h 

t r i n i t roben zen e to give a s mall amo unt of ad duc t , m.p , 1 0 4, 5-

Analysis showed i t be formed from a h ydroc a rbon C
1 4

H
1 6

• 

Th o a d duc t was dec o mposed o n a l u mina to t he oi ly hyd r ocar b on, 

the ultrav io l et / . . . . .• ..... 
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the ultraviolet spectrum of which indicated that it was a sub~ 

142 stituted naphthalene. A mixed melting point determination 

showed that the trinitrobenzene adduct was dissimilar to that 

143 
obtained from eudalene, Another experiment afforded an 

adduct with a lower melting point, which could not be raised 

on repeated recrystallisation. These results together with 

those obtained from euryopsol are summartsed in Table 4. 

5) • 

Euryopsonol was hydrogenated over various catalysts (Table 

114 
Mild hydrogenation in ethyl alcohol over Pd/BaS04 

affordert a non-crystalline tetrahydroeuryopsonol (~ max 279 m~, 

log~= 2.73), while more vigorous hydrogenation in acetic acid 

over Adam's catalyst resulted in the uptake of 2,8 mols. of hy-

drogen, presumably due to both hydrogenation and hydrogenolysis. 

The presence of a furan ring in euryopsonol was confirmed 

by N.M.R. studies of euryopsonol, euryopsonol acetate and tetr~ 

hydroeuryopsonol acetate. The spectra of t h ese compounds are 

shown in figs, 4, 5 and 6 respectively , 

The N.M.R. spectrum of euryopsonol (in CDC1
3

) showed the 

following bands:-

A.~ = 9,18 (J = 5 c,p ,s,) a singlet; an area of three protons 

due to a tertiary methyl group at c._. 
0 

B. ·"(' -..... - 8,88 (J = 6 c. p. s.) a doublet; an area of three protons 

due to a secondary methyl group at c4. 

c. r = 7.98 (J = 6 c,p,s,) a doublet; an area of three protons. 

The small splitting is due to a methyl group attached at an 

olefinic carbon atom cell)' shielded at the~ po sition by a 

quaternary carbon atom and split by a single ol e finic proton 

' at the ~ carbon atom. Partial structure (233) can thus 

be assigned to e uryopsonol, 

D . ~L = 6.6 CJ = 20 c.p. s ,) appears to be a symmetrical multi­

pl e t; an ar e a of one proton due to a secondary hydroxyl group, 
.-./ 

E. l = 2 • 6 0 ( J = 4 c . p . s . ) a do u b 1 e t ; an ar e a o f one proton 

pr e sent as a viny l proton, is attributed to the olefinic 

proton in th e furan ring at cl2' 

~. ·' F . .... 7,16 and 7 , 60/ . . .. . .... . 
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F. 'L' = 7,16 and 7.60 (a group of signals) (J = 16 c . p.s.) could 

arise from a methylene group attached to a furan ring with 

a tertiary centre on the next carbon atom, 

The N.M.R. spectrum of Euryopsonol Acetate showed the following 

bands. 

A. \:: = 9,13 (J = 5 c.p.s.) a singlet; an area of three protons 

due to a tertiary methyl group at c5. 

B, Y. = 8,99 (J = 8 c,p,s.) a doublet; an area of three proteM 

due to a secondary methyl group at c4. 

c. L: 7 •. 91 7,98 an area of six protons:-

·~ = 7.91 (J = 4 c,p,s.) a singlet; an area of three 

protons attributed to an acetoxy me thyl group . 

~ = 7.98 (J = 4 c.p.s.) a doublet; an area of three 

protons. The very s mall splitting could be attribu-

t e d to the acetate being a mixture of very closely re-

late d compounds (e.g, stereoisomers, but is more 

likely due to a methyl group attached to an olefinic 

carbon atom ce ll)' shielded in the « position by a 

quat ernary carbon a tom and s plit by a s ingle olefinic 

t 
proton at t h e« carbon atom <C

12
>. 

D. ~ = 7.30 (J = 13 c.p.s.) an area of two p roton s shielded at 

' the « and « positions. 

E.G 5,35 (J = 22 c.p,s.) a multiplet; an area of one proton 

« to an acetoxy-group, 

F. 1: = 2,63 (J = 5 c .p. s,) a doub l et ( split b y long range 

c oupling); an area of one p r oton present as a vinyl proton 

similar to the « p r oton of an « , ~-unsatur ated ketone. T h e 

s mall coupling constant indicates coupli n g with an allyl 

hydrogen, This signal is t hus attributed to the olef i nic 

proton at cl2' 

The N,M,R. spectrum of Tetrahydroeuryopsonol Ac etat e sho wed 

the f ol lowing b a nds:-
A .,.< 

. t._. 9 . 21/ .. ... • .. • •. f 
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A.L = 9,21 ( J = 4 c. p. s.) a singlet; an area of three protons 

due to a tertiary methyl group at c 5. 

B. ·'"( = 9. 1 0 (J = 7 c. p . s . ) a doublet; an area of three protons 

due to a secondary methyl group at c4. 

c . 1: = 8,95 (J = 7 c . p . s.) a do u blet; an area of t hree protons 

due to a secondary methyl group at 
,., 
\..,.11 ' 

D.~= 7.96 (J = 5 c.p . s . ) a singlet ; an area of three protons 

due to the methyl of an acetoxy group. 

E . 't' 6,43-6.72 a triplet; an area o f two p rotons. 

F 'l:' 5 , 6-6,15 a mult i p l et; a~ area of two protons. 

G ~ = 5 , 35 a tripl et of doublets; an area of one proton due 

to the p r oton « to the acetoxy group. 

Discussion of the N.M. R. spectra. 

1 . Al l s pectra show the presenc e of one tertiary methyl group . 

2. All spectra show t h e presence of one secondary methyl group. 

Since the scsquiterpenoids of all five groups have the 

secondary methyl group attached at c4, this group is plac ed at 

the same position in euryopsonol , The tertiary methyl group 

is attached at C
10

, excepting in the cremophi l eno l ides, where 

it occurs at c5. Since the keto-group in e uryopsonol is con-

jugated wi th the furan ring, partial structures (234) or (235) 

may be assigned. The system (234) is present in th e trans-

formation prod uct (22?) of furanopotasin (219)
1 09 

and is a l s o 
. 2 

containe d in furanoeremophilone- 9 (215). This chromophore 

exhibits an absorptio n peak at 280 - 282 m~ (log ~ = 4,15 -

4,33) 1 whe reas the chromophore of the type (235 ), pr e par e d fr om 

p e tasalbin (210) and al bope tasin (218), 106 , 107 , 108 s hows a 

maximum at 269m~ (log ~ = 3,6). As e uryop sono l and its 

2,4-dinitrophonylhydrazo~e showed a b sorption peaks at 280 m~, 

(log ~ = 4.16) and 391m~, (log ~ = 4,51) respectively, it con-

t~ins an «, ~ ' Y, o-unsaturat ed ketone, and partial structure 

( 236) was/ . . . ..... . . 
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(236) was assigned to it, 

3, The H.M.R. spectra o:f e u ryopsonol and euryopsonol acetate 

showed bands at 1;:. = 7.16 and 7. 60 and ,.t' = 7. 30 respectively. 

These signals are attributed to two protons shielded on both 

sides either in systems ( 237 ) or ( 238). For this system to be 

present in euryopsonol, the tertiary methyl group must be 

attached at C
5 

as in (239), and the hydroxyl group cannot be in 

ring B. Euryopsonol is thus a member of the eremophilane 

type of sesqui terpenoids. 

4. The hydroxyl group is secondary for the band at 1:: = 5 . 35 is 

due to a proton « to the acetoxy - group in both euryopsonol 

acetate and tetrahydroeuryopsonol acetate. The hydroxyl group 

in euryo p sonol may thus be present at either cl, c2 or c3. 

5. The N. M.R . spectrum of tetrahydroeuryopsonol acetate s h owed 

,..,._./ 
a band (a doublet) at 1.,= 8.95, which was not present in either 

euryopsonol or euryopsonol acetate and is due to the secondary 

methyl group formed on hydrogenation of the doubl e bond b earing 

the methyl group at ell' 

6 .. The appearance of bands at 'C:: = 5 . 6 - L = 6. 7 2 in t et rahy-

droeuryopsonol acetat e , equivalent to four protons, is proof 

that euryopsonol acetate is converted to the tetrahydroderiva-

tive on reduction. 

7 . The disappearance of the band at ~ = 7. 30 in tetrahydro.-

euryopsonol acetate indicates the de-shielding D! the two 

protons at c6. 

8 . The disappearance of the doublet at L = 2. 63 and the 

splitting of the methyl s ignal at """t = 8,95 shows that the 

doub l e bond at ell has been saturated in tetrahydroeuryopsonol 

acetate . 

The mass spectrum of e uryopsonol (fig 7) showed a base 

peak m/e 122 due to the fragment (240) suggestin~ in agreement 

with deductions/ ........... . . 
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with deductions from the ultraviolet spec t rum, that the carbonyl 

group is positioned at cg. This species (240) corresponds to 

the base peak (241J m/e 108) in the mass spectrum of alexandro-

144 
furan. 

These proposals concerning the structure of euryopsonol are 

all based on spectroscopic and mass spectrometric measurements. 

They were placed on a surer footing by converting euryopsonol 

to furanoeremophilone - 9 (215)
2

• 

Euryopsonol was oxidised with chromium trioxide in acetone 

to dehydroeuryopsonol (242). The infrared spectrum o f 242 

lacked absorption bands due to a hydroxyl function, but showed 

-1 
maxima at 1670 em c~, p, y, a-unsaturated ketone); 1550 and 

-1 -1 
870 em (furan ring) and a newly formed band at 1715 em 

(ketone in a six-membered ring or open chain). Since Dehy-

droeuryopsonol did not react with Tollen's reagent, the carbonyl 

group is not present as an aldehyde, It gave a positiv~ Zimmer-

man test (euryopsonol gave a negative test) andfor~ed a mono-

furfurylidene derivative, indicating that an unhindered mc thy-

lene group is adjacent to the newly formed keto-group. Since 

the absorption band at 280 m!-L (log ~ = 4,16) in euryopsonol was 

unchanged on oxidation to 242, the hydroxyl group cannot be 

present at C · 6, this is in agreement with the N.M.R, studies. 

The ultraviolet spectrum of dehydroeuryopsonol was un-

changed on addition of alkali and it failed to give a colour 

with ferric chloride , Accordingly, dehydroeuryopsonol is · not 

an e nolic ~-diketone a n d the hydroxyl group in euryopsonol is 

not attached at cl. Dehydroeuryopsono l formed a mono-oxime, 

whereas cur yop sonol failed t o react with hydroxylamine hydro-

chlorid e. 

Dehydrocuryops onol was converted to a monothioketal (243). 

The optimun period of reaction was found to be 45 hour s, sho r ter 

times affording a mixture of the ketal and unchanged dehydro-

curyopsonol, the rate of reaction b eing followed by t hin layer 

chromatography./ ........ . .. . 
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chromatography, The thioketal showed infrared absorption 

bands at 
-1 

1680 em due to the «, ~' y, a-unsaturated ketone; 

1550 and 
-1 

867 em due to a furan ring, but lacked the maximum 

due to the ketone in the six-membered ring, It was converted 

to deoxydehydroeuryopsonol (215) by treatment with Haney-nickel. 

The infrared spectrum of deoxydehydroeuryopsonol showed absorp-

-1 
tion bands at 1666 em due to an«, p, ¥, a-unsaturated ketone 

-1 
and at 1540 and 876 em due to a furan ring, while the ultra-

violet spectrum showed a peak at 280 mp, (log ~ = 4.17). The 

infrared spectrum of deoxydehydroeuryopsonol was identical with 

that of furanoeremophilone - 9, Unfortunately the Czechoslova-

kian chemists, who had isolated furanoeremophilone - 9, did not 

have any left for a mixed melting point determination , Furano-

eremophilone - 9 obtained from dehydroeuryopsonol showed [«Jn 

0 
-20, while that isolated from natural sources was optically 

inactive, 

The position of attachment of the hydroxyl group in 

euryopsonol was judged from a study of dehydroeuryopsonol. 

Dehydroeuryopsonol, m.p. 217-218°, is clearly different from 

0 
2-ketofuranoeremophilone- 9 (231), m.p. 149 a transformat ion 

product of furanopetasin (219).
109 Since C

1 
has already been 

eliminated as a possible position for the new keto - group in 

dehydroeuryopsonol, this group (and hence the hydroxyl group in 

euryopsonol) must be at c3. Dehydroeuryopsonol thus has 

structure (242) and euryopsonol has structure ( 244 ). The 

position of the keto-group at c3 in dehydroeuryopsonol was con­

firmed by N.M.R. studies, the spectrum (fig 8) possessing the 

following bands:-

A.~ = 9,24 (J = 7 c,p,s,) a singlet ; an area of three protons 

due to a tertiary methyl group at c5. 

B.1t = 8,90 (J = 11 c.p.s,) a doublet; an area of three protons 

due to a secondary methyl group at c4. 

c. r = 7. 98/ ... 
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C.~= 7,98 (J = 4 c,p.s.) a doublet; an area of thr ee protons, 

D. 

Th e s mall splitting is due t o the methyl group attached at 

the olefinic carbon atom (C
11

), shielded by the quaternary 

c7 atom and split by the olefinic h ydrogen at cl2' 

"'?v' - 7.48 (J = 14 c.p.s . ) a doublet; an area of two protons \... -
t 

shielded in the c( and c{ positions, due to the methylene 

group at c6. 

E. L = 7 , 1 5 ( J = 24 c • p . s . ) a m ul tip 1 e t ; an area of five 

protons due to the two methylene groups at cl and c2 and 

the angular proton a t C
10

. 

F.~ = 2 , 63 ( J = 5 c.p.s,) a d o ubl e t; an area of one proton-

due to t he o l efinic proton at c l 2 ' 

As the band at~= 9,24 showed good resolution, the 

b t b . "h .. • t 104 car onyl group mus e ~n ~ e v~c~n1 y, 

The conversion of euryopsonol to furanoeremophil one - 9 

confirmed all proposals regarding its structure ( 244) . Except -

ing for the hydroxyl group, the stereochemistry of which is 

still unknown, the structure of e ur yo psonol is settl ed , 

5,2, Euryopsol . 

Difficulties were encountered at the start of inv es tiga-

tions in the separation of this compound from euryopsonol due 

to its insolubility in non-polar so lve nts. 

Elemental analysis s h owed an empirical formula of 

C15H220
4

, while ebullios copic determinations p u t the molecular 

weight between 205 and 254, The mass spectrogram confirmed 

the molecular weight of 266, Euryop so l failed to fo rm any 

crystalline derivative, thus this for mul a is not established 

chemically , 

An extraction of Euryops tenuissimus Less , yielded euryop-

s ol free of any euryopsonol , This was unexpected , as the 

ex traction was carried out during t h e period of maximum content 

of eury opsonol/ .. .• . .. . . ... 
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of euryopsonol in Euryops floribundus, 

The infrared spectrum of e uryopsol in nujol (fig. 9) 

showed maxima at 1160, 1560, 1340, 1 280, 1078, 1051, 1038, 1000, 

-1 
89 2 and 884 em , while the spectrum i n K,Br. (fig 10) showed 

-1 
further maxima at 3400 and 3020 em . The bands at 3400, 1340, 

-1 
1280, 1050, 1038 and 1000 em are attributed to hydroxyl gro ups, 

-1 
and the bands at 3020, 1560, 1126, 1078, 892 and 884 em are 

due to a furan ring. 
-1 

The band at 1G60 e m is attributed to 

an ethylenic double bond, but this has not been proved as 

euryopsol failed to absorb hydrogen on catalytic reduction and 

. 't t . t 115 d1d not show a colour change w1 h etran1trome hane. Judging 

fr om its infrared spectrum and failure to form derivatives , 

euryopsol does not contain a k eto-group . 

The ultraviolet spectrum showed end absorption at 220 m~, 

(log ~= 3,68), characteristic of sesquite rp e noids containing 

a non-conjugat e d furan ring. The absenc e of absorption at 

269 or 280 m~ shows that euryopsol is not a conjugated ketone . 

Active hydrogen determinations showed euryopsol to po ssess 

two hydroxyl groups and since it absorbed 1 , 2 mols, of perio-

dat e , these groups are vicinal; no f o rmald e hyd e was obtained 

from the periodate oxidation. Analysis also showed the pre-

sence of three C-me thyl groups, thus a primary hydroxyl group 

is n o t present in e uryopsol, 

Euryopsol formed a non- c ry s talline acetate, which showed 

-1 
infrared absorption bands at 1730 and 1 250 e m due to an 

acetoxy-group. The elemental analysis of this acetate faile d 

t o fit any like ly formula and it is p rob a bly a mixture of 

products in which p a rtial d e hydration has occurred during the 

h eating in acetic anhydride. Hydrolysis of this acetate gave 

a crystalline product, m.p . 200 - 20 3°, which showed an inter-

me d iate melting point on admixture with starting mat e ri a l, A 

sample of e uryopsol was refluxed in alco h o l ic potassium hy-

0 
drox i d e and the crystalline. product found to melt at 1 84 . 

On re crystallisation/ ........ . 
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On recrystallisation from water-ethyl alcohol, the melting point 

0 dropped to 174-5 , the normally observed melting point of eury~ 

opsol, This phenomenon is probably due to hydration of eury-

opsol during the saponification and subsequent dehydration in 

an ethanolic medium, 

Euryopsol as well as its oily acetate displayed an intense 

purpl e colour with Ehrlich's reagent, confirming the presence 

of a furan ring, Euryopsol also gav e an intense red colour 

with sulphuric acid and an intense green colour with hydro­

chloric acid,
2 

Euryopsol is unstable in chloroform solution an~ is pro-

bably converted to a more stable hydroxyeremophilenolide. Per-

benzoic acid oxidation of euryopsol and euryopsol acetate re-

suited in the uptake of approximately two and one mols , of acid 

respectively. Saponification of the product resulted in ben-

zoic acid, which probably results from saponification of the 

diol monobenzoate (245) obtained on cleavage of one of the 

d b d 
. 145 

ou le bon s of the furan r1ng. 

Th e N .M.R. spectrum is uninformative, showing a band at 

lt = 7.82 due to a methyl group attached to an olefinic carbon 

atom. 

The mass spectrum of e uryopsol (fig,ll) is very similar 

to that of e uryopsonol and the base peak (246 ) at m/~ = 1 24 

is two mass units higher than the fragment (240) observed for 

e uryopsonol, This suggests that the carbonyl group in eury-

opsonol is replaced by a hydroxyl group in euryopsol, and hence 

partial structure (247) may b e assigned to euryopsol . However, 

the portulated allylic hydroxyl group could not be oxidised by 

shaking euryopsol in eith er chloroform or benzene; thin layer 

chromatography sho wed that no reaction had occurred, 

The character of the fourth oxygen atom and the positions 

of the two methyl groups are still unknown. 
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