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SESQUITERPENOIDS

The chemistry of terpenoids has long been an active
centre of investigatlons for organic chemists. This has not
only been becsuse of their intrinsic interest, but because
they have lent themselves to theoretleal and mechanistic as
well as synthetle studies. As a resuld, the £ield has heen
actively explored for over a century.

A terpenold can best be defined as a compound vhose
carbon skeleton is either {a) theoretically constructed from
isoprenoidg (1) units or (b) has at some stage in its
biogenesis had a carbon skeleton so constructeal. Ience &
sesquiterpenoid can be defined as a compound, built up of
three isoprene units. The great majority of these compounds
can be regarded as made up of these three isoprene units joinod
together in head to tail fashion. It was this so called

‘tisoprene rule! which led chemists to the elusildation of the

"blogenesis' of the terpenoids.

The isoprene rule and the blogenesis of sesquiterpenoids

During the investigations by Ruzicka and co-workers
u— 5
on cadinene end epdesmol, it was realised that thelir carbon
skeletons could, formally, be formed from farnesocl (2). This

facilitated the elucidation of their structures to a great
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extent. It was also noticed that farnesol, and the
seaquiterpenoids derived from 1t, contained thres isoprene
units in regular head to tail arrangement. This, therefore,
represents the common structural feature which interlinks the
various sesquiterpencids.

| This isoprene rule has found extensive application
in the field of sesquiterpenoid chemistry. It is found that
each group of sesquiterpehoids has its own special varlation
of the rule, as is illustrated in table I. iven the somewhat
pecullar-loocking carbon skeletons of such compounds as

Y
S and caryopfiyllene

L -gantalene, patchouli aleohol, cedrene
eﬁc.atc.,are derivable from that of farnesol. This very close
structural relationship of farnesol with other sequiterpenocids
led to the fcrégtion of the!farnesol rule'which postulates that
the carbon skeletons of most of the sesquiterpenolds can be
derived, formally, from that of farnesol. This is a special
sase of the 'isoprene rulef.

It was later found that only carotol5, from the
sesquiterpencid family defled the farnesol rule, although it
was built up of three irregular isoprene units. iﬁserpitin
has recently been showh to have the same skeleton as carolol.
Erembphilon67 was found te be the only exception to the

isoprene rule. Sir Robert Robinson® has suggested that even

the carbon skeleton of ervemophilone (£) can be derived from



an eﬁﬁesmbl type precursor (5) by the migration of a methyl
group,

The preceding discussion of the isoprene rule as -
well as of the farnesol rule suggests thét farnesol, or its
equivalent, may possibly be the biogenetie precursor of the
sesquiterpencids. Indeed, the acid-satalysed eyelisation of
farnesol or nerolidol was expeorimentally accomplished in
Zurich9= Amongst the products formed were bisabolene and a
mixture of hexahydrocadalenes (Table I).

A The process of blogenetle conversion of farnesol
to the various secsquiterpenoids has, therefors, been interw
preted as occuring through the formation of cation intermediatas.
This theory predicts satisfactorily the products of eyelisations
of these reactions.

In the laboratory only a few of the poasible
cyclisations have been carried out. The course of such
eyclisation is not only dependent on reaction mechanism, but
to o considerable degree, also on the conformation of the
precursor as well as the intermedlate. In nature, enzymes
bring about the required conformstlon and then cause the
reaction to follow specifie routes. The recent discovery by
Tavoi&ina that mevalonie acid is a very effielent blogenetie

precursor for squalens and hence for cholesterol ete., is of
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great-signirieanaa: It may well be that mevalonls acid,

¢ontaining two isoprene units, is slso the biogenstio
precursor for farnesol and henee for all the sesquiterpencids
formelly derivable from 1%,

It shall not therefore be out of place to mention
here some of the sesquiborpenoids relevant to the present

atudy and thelr interesting reactlons.

Seaquiterpenoid lactones

Possibly the most interesting sube-group in the
sesquiterpenocids is that of the 1asbonsé, nany of which are
bitter principles. Amongst these sesquiterpenoid lactones
based on the decslin system, santonin {38), toc be described
later, iz the most important. Others inelude ar#amiag£14(ﬁ)
and ty-santonig’go {7); slthough y-sartonin is not @&
eyclohexadienone it still undergoes the aclde-catalysed
aromatisation to desmotropo y-santonin {8). (3ee pags il J.
Pyrethrosin, another interesting sesquiterpencid lactons,
first isolated in 1891, has recently been shown by Barton
and de ¥ayo to represent a new Lype of monoceribocyelic
sasquiterpenoidlﬁ‘ Pyrethrosin (2] containe Lwe ethylenie
linkages, (one of which is sonjugaSed with fthe lzsbons), an

acetoxyl group and 2 cyclie stheresl oxygen 2Scn.  Jn hsating
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with acetic anhydride and toluene-p-sulphonic acid,
pyrethrosin is converted into the cyclic derivative (10).
This cyelisation suggests that the ring structure of
pyrethrosin may be of some blogenetic significance, because,
if ene\ugites a ten-membered ring as in (11), then it is
possible to construct, by establishing different bonds

across the ring, the carbon skeletons of most of the bicyclic

‘sesquiterpenoids.
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‘The dicyolofarnescl skeleton, usually found in
di and triterpenoids, has recently been discovered in the
sesquitérpenﬁid lactone iresizji6 (12). Drimena%7 is now
the second sesquiterpenoid compound shown by Brooks and

Overton to possess the same skeleton (13).
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The chemistry of asgulenle sesquiterpencids has
recently recelved serious attention. One may ment lon the
'chamaznlene precursors! waich afford schamazulene (14) with
great faﬁilityaflg‘xntensive investigation of the oil of
wormwood has vevealed the presence of an intereating yellow
dihydroe chamazulene, known as‘ehamazulenogen, which is con=
verted into chamazulens omr mere exposure to air. Artabsinzo
(15 B = H) 43 the original chamasulenogen precursor in wormwood
oll, while matriciﬂﬁléls, ® = 0AC) ha3 been shown to be the
chamagulene procursor of oll of chamonmile.

Temulin and helenalin are the twe bltter principles
of various tHelenlum species'. The early workzg on fenulin has
recently been extendsd by Barton & de Mayog§ Tenulin,(18), a
v ~lactone, contains an kB- unsaturated cyclopentenone system
end a hydroxyl group. Under very mild conditions tenulin 1s
isomerised to iso tenulin which does not contain any hydroxyl
grouping but instead has a true ascetate residue. This masking
of the aceﬁate group was elegantly explalned on the basis of this
and other evidence as shown in formulas (18} and (17). Herz
and ao-worker324 have favourcd an elternative structure for
tenlin, differing in the position of the carbonyl group.

More recently the support has been withdrawn in favour of (18)
on the basis of molscular rotation studies and nueclear magnetic

resonance spectra?g It may however be mentioned that the



alternatlve stricture (19) for tenulin is still being gon-
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13 an isomér of artabsin, for which the constitution?a‘(zs)
has been proposed. Tha structure contalns the unusugl_faature
off & trimethylene oxide ring. The constitution (20} however,

i3 not entirely certain and the formulae (1) and (22) still
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alternative structure (19) for tenulin is still being don-

aidered by Herz?s.

: Arbor@scingﬁ, 1golated from 'Artemisia anboreseenon'

13 an lsdmér of artabain, for which the con&titatie (20)
has been proposed. The structure contalns the unususl feature
“of a8 trimethylens oxide ring.:  The constitution (20} however,
‘18 not entirely certain and the formulae (21) and (22) still
‘remain %o be excluded.

L

other seaquiterpenoid 1actcnes ror whiah structureg
have been proposed ar@, dehydrocoatua 1actone (gs) from
28,82 :
!ccstus 0111 and carpesia 1actepe A (24) from 'gargegium

abrotanoidgg'.
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The 8tereochemical aspects of sesquiterpencid.
compounds have not been investigated so intensively as in. -
dl and tritsrpenolds. The mebhods are, however, the same
and one can mention degradetion to a compound of kmown
orientation, ring formation, confermational analysisaa and
stereoapecifie synthesia. The first method, however, also
provides information on absolute configuraticn., ‘here
degradation is not convenlent, molecnlar rotation technique
is reaortedgl to. IFven then, the relative or absolute
atereocheamistry of a great number of sesquitérpencid come
pounds ig known., Tn this context one may mention the names
of zingibemne%3 eQéesmolﬁgj &-eyperone34 and santon1n55
ete. ete.

| Imfcrmaﬁion about the stersoghemiatry of the
perhydroazulenic sesquiterpencids 1is searee. lHowever,
mention may be mede of a recent paper by Dlerassi and Hersg
or. the absolute sonfigurations of dihydro-tenulin and
dihydro-helenalin, their derivatives and lso photosantonie
1aaton@25. They have shown by rotatory disperslon measure=
ments that 211 these compounds have the absolute configuration
(283} about the ring junction.

of the sssguiberpenold lactones the most important

sommound 1s santonin which has been the subjoct of

investigationﬁﬁ for over a cenbury, and even now it presents
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meny interesting problems. The main -reastions which led to

the eluclidation of the structure of santonin are gummerised
in the followlng section.

cc_:nstitut:ion of santonin
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Santonin hes tue molecular formla gl g0y On

hydrogenation it afforded two tetrahydro~derivatives,
nemely o ~tetrshydrosantonin and P »tetrahydrosanteﬁin.
showing the presence of two double bonds. Zinc dust
distillation afforded 1:4-dimethylnaphth-2-0l (27) in small
yieldgs. On the reduction of santonin P -oxime, ite acetate,
or of santonin phenyl hydrazone with sodium amalgzam, followed
by treatment with nitrous =cld, hypmsantogin (28) end its
stereoiscomer isohypocantonin were obtainegT The corres-
ponding hydroxy acid of hyposantonin on dehydration with
alcbholic hydrochloric acid afforded the compound (29). This
on decerboxylation and dehydrogenation furnished l:4-dimethyl-
T-ethyl napﬁt&ieng (30).

| Hyposantonin, or its isomer, on potassium permsngenate
oxidation produces 3:6-dimethyl pathalic acig (32) showing
that the lectone grouping caeniot be in the same ring as the
two methyl groups and, therefore, as that containing the
kefonic cxygen atom. Finally, santonin on treetment with
fuming hydrochloric acid in the cold undergoes sromatisation
to gilve the desmstropoaantonig {(%1). This suggests that
the two dcuble bonds of sentonin are probably situated in the
gsame carbon Ting as the ketonic oxygen atom. These experi-
mentsl evidences led Andreocci to suggest formula(26)for santonin.
However, formule (34) equally well explains the reactions

outlined sbove and was therefore proposed by Camnizzaro and
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'thuci. It may however be noticed that these formulae are
ﬁhﬁ‘ketania forms of the corresponding phenols.

The first and powerful oriticism of the #avﬁoun‘
formulae proposcd for ssnbonin camevfrom Clemo, Haworth and
Vialto &83 who pointed dut that none of the formulae could
be regarded as being built up from three isoprenc residues.
They therefore in a clagssleal paper suggested that such a
head to tall joining of the threo isoprene units would give
rise te the e%&aamol type carbon skeloton (39 suggested as
the eonsbitubion of santonin. They also suggested that the
Pormation of deamotroposantonin from santonin must invelve
a migratlion of the qn%&mrnary nethyl group, a reaction which
already had an analogyﬁﬁg They also proved by the synthesis
of vracemic desnotroposantonin that this subsience was correctly
ropresented by formula (31), and assigned the correct structure
(38) to santonin which was labtey supporbed by the degradailonal
evidence. The structure (55) for santonin has resently been

49,13,49
sonf'irmed by synthesis.

Santonin undergoes nmany reactions of theoretical
interest. Its aromaltisation to give the corresponding phenol,
demmotroposantonin, under the influence of acld, has already
been mentioned. Amongst others is its conversion into santonie
scid (356) on prolonged treatment with alkali, by an internal

¥ichael r@aation%o as indicated,
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Other interssting derivatives of santonin are
santonide and parasantanigg’él(SV), two isomeric compounds,
produced when santonic mcid (36) is treated with acetle
sald followed by heating at 260+300°C. These compounds
have been shown to dlffer in thelr conflguration at Gy4.
Woodward has postulated the participation of (quasi) three
membered ring intermediates for this reactlon.

Stereochenistry of ssntonin
The elueidation of the stereochemistry of santonin

origineted with & study of its molecular rotation data, and
the configurational inter-relationship of various
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desmotroposantoning., It hes 'ah-aady been mentioned thet
santonin on treatment with acid is convartec‘i im:o d= &
desmotropasanégngg %ﬁa) » The elueldation of this ntarao»
ahémical problem was greatly facilitated by the isolation
of two new dg%wtx»opesantbnina. Huang 1inlon? showed that
all the astive isomerie desmotroposantonins were inter-con-
vertable by the action of either en acid or e bhase. Thias

has been 1llustrated in the followlng chart.

Santonin
00)
&
1~ & «desmotroposantonin Hot ) d~ P -desmotroposantonin
(L1 ~140 Bt 1y + 1086
oH . , of
1~ P ~desmotroposantonin { Hat de~ A ~desmotroposantonin
&1, 2086 (] 5+130

where &« and P denote low and high melting compounds
respectively.
It 4is also apparent from the chart that
1= P -desmotroposantonin is an optleal enantlomorph of
d« B -desmotroposantonin. Similarly d- K -desnotroposantonin

and le- o ~desmotroposantonin are both optically enantiomorphiec.
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A plausible mechanism for these interconversions of various
desmotroposantonins was also suggested by Husang Minlen46.

He showed thet treastment of an A-desmotroposantonin (scheme a)
with acidic reasgents led to inversion at the asymmetrie
centres 5 and 6. Likewise fusion with potassium hydroxide

of & B-desmotroposantonin caused inversion at C11 as

illustrated in scheme B.

Scheme a

. \ ;\’\, i
]
T ¥ -
o 4 + H+ - \g\—\ '
(o]

Scheme B ‘
— _¥ cho — m’»fau
Scheme C
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All desmotroposantonins can be regovered from
their corresponding hydroxy-acids on ring closure with an
acld. It therefore seems satisfactorily established that
they have the lactone ring fused in the more stable position

at Cg and Cg. Clemo*!

has shown this to be the gig~position
from a consideration of molecular models, Hyposantonin (31),
on the other hand must have the lactone ring trans-fused since
its corresponding hydroxy-acid lactonises back to an isomer

of hyposantonin on treatment with dil.acid. Barton#®

has
suggested that in the cases where trans-lactones are
encountered, such 2 mechanism as outlined in scheme C might
be operative.

. Desmotroposantonins on reduction with gzine dust and
acetic acid afford the corresponding deoxy hydroxy-acids
(43) known as santonoié and desmotroposantonoié aplds,
whieh differ in their configuration at Cp and Cil. By a
consideration of the molecular rotation of the
desmotroposantonins and the corresponding santonous and
desmotroposantonous acids Hwang Minlon tentatively proposed,
according to the principle of optical superposition, sifgs
for the contributions of the various asymmetric centres.

The additivity of the molecular rotations is not very

satisfactory and the stereochemistry has preferably been

disoussed in the following way. Let the configurations at
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Cgs Cg and gll in 1- A-desmotroposantonin be denotadbby
X, ¥ and Z, and let the mlternative configurations at
these centres be X,, Yl end Z,.

The formation of hyposantonin from santonin has
already been mentioned (page Il ). This conversion whieh
is brought about under very mild conditions implies that
santonin too, like hyposantonin, contains the trang-fused
lactones. On the basis of the above discussion one can
assign the following configurations to d- B—deémotroposantonin

and santonin, relative to l-d ~desmotroposantoin,

Substance Configurations relative to
1l- ~desmotroposantonin.
C5 - Cg C11
1- & ~dgmotroposantonin X b Z
A , ,
d~ B-desmotroposantonin X X A
/
Santonin X Y (2
or,
X Y Z

as indicated in the gbove chart. Since ssntonin may be

trensformed into d- B-desmotroposantonin (eis-lactone fusion)

via the 1-d ~desmotroposentonin (again cis-lactone fusion)
4 7/, 3 7 o )
sentonin must be CS(X), CglY) and C11(Z), end there must be

therefore a mechanism (scheme C) for the inversion of Cy

without altering Cge.
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That the Og methyl group is exial end the
o« -propionic acid side-chain equatorial in santonin, is
likély in view_of the similar configurations in the
sesquiterpenoid eﬁdesmol33 (38). Confirmation of the
equatorial configuration at Cg has recently been provided

49 of santonin,

by Japanese workers through the synthesis
by the reaction sequence involving the addition of methyl
melonic ester to (39) which finds a parallel in a closely
analogous addition of melonie ester to choles TA-8:5-

dien-T-one (40). 1In the latter it has been shown that
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the addend takes up the p-wposition at Cs, gis to the
angular methyl graup?o This, in turn, also supports the
eis placements of the angular methyl group and the side
¢hain st 06 in santonin?l Yow, singe santonin has ths
trens lactone fusion this implies that it must have the
configuration shown in (41). The configuration at Cq3 in
seantonin has appeared more difficult to essign. Corey,
Wocdaéiéléggsg%hers are of the view that the methyl group

a%t C11 hes the P -orientation. Their view is not universally
secepted since Miki and otherél regard the A -orientation at
Cy7 a8 the correct configuration.

The stereochemistry of P -santonin can be deduced
from that of A -santonin. B -santonin on treatment with
acidic reagents affords l~(3—desmotroposantonin.' Henoe

B ~-santonin should have the 1aomerié oenfiguration at Cyy

with fegaré to ssntonin, and is assigned the formula (42).
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PHOTOACTIVATION OF CARBONYL CONPOUNDS

| In sbsorption spectroscopy, wmolecules absorb light
&n&@@gming thati@n&li.#abw&ﬁimmﬁl end eloctrondc changes
ﬁapan@ﬁau upon the WﬂVﬁmlﬂﬁﬁﬁh of the light ah%@ﬁbaﬁgé Yavenn
thoe view~paiut of phetochemicn) change, only the @laatrwnia
apechrs ar@ uportant. These arise Drom brenaltions bebtwoen
gleatronle atnbtes, and lnvolve rolablively largs encrgy
gifferengss. These thevafore, oocur ususlly at short wave-
loengtha.

In the earbonyl grnmpﬁg one of the mﬂb&t&la of both
the oarbon mnd the oxygen are invelvaed in the signa (§)
component end another pair forms the pi { A ) component of
the double bond. The clostrons of the sigms erbital ere
doplcted by dots while thosme of the pl arbiial are denoted
By a&t@yiﬁkag The lone palvs of the oxygen are represented

Yy erosses {1).

v L
14 bk\"f‘ - B o= B
\pe% & \g} = O G = 0 \G -0
o r/ r/ . w
{1} te) £3) {4}
Rp.G = OR = CR= 0 Rp.G-CR ""“‘v"ﬁ”“? | Rgy.C = OR = O - O
{5) ’ (6) o
- 4
1‘23 J:: - ﬁﬁ w wf"i - {3 ‘ R\{} " {\}
(8) n’
,éaﬁ}

shere the dobted 1line ropyasents the 'formal ot 1. e
the spins of the clectrons at the C and oxygen are oppoued.
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 In the region between about 15004 and the visible,
saturated aldehydes and ketones show three absorption bands.
These occur at 29004, 1900A snd 15004 and are sald to be due
to transitions between tho normal or ground state of the
molecule and the three different electronically excited states.
The absorption band at 15004 may be expected to arise from
the electronically excited stabtes corresponding to those of
the system RoC = CRy. It is, indeed, observed that this band
is found in the same generéi regilon and with the same intensity
a3 thogse whieh occur in the ultraviolet spectra of the
gorrespondingatefines. The relevant excited state for a
aaturated aldehyde or ketone can be described as a hybrid
of {prinecipally) the three structures (2);:(3) and 4). The
ground‘state too is a hybrid of (principally) these structures;
the various canonical forms differing in weight. Similarly
the corresponding exclted states for an JPBunsaturated
carbonyl compound may be represented &s a hybrid of numerous
structures of which (5), (6),{(7) and (8) are the more
important. |

The other twé absorption bands, i.e. at 29004 and

19004 arise from esorresponding excited statesinvolving the
non-bonding electrons of the oxygen atom. That at 2000A
arises from an exeltation of an electron, belonging to one
of the unshared pairs on the oxygen atom to an antibonding

4 crbital. This exelted state which must be clearly



distinguished from a diradical (friplet state) (Sa} may be
converted pihotochemically (or otherwise) into this form. In
certain of these reactlons it seems very probable that it 1is
the diradical that reacts, but perhaps in intramolecular
reactions this may not necsasarily be sén At the present

moment intimaxe details of the processes are not kunown.

Photochemical reactions of carbonyl compounds

A molecule on tre absorpbion of light energy becomes
excited and 1s therefors no longer in the thermodynamie
equilibrium with lts surroundings. It must therefors, losc
energy kn one of the three following ways: (1) asg fluorescence
or phosphorescenee, (2) as thernal encrgy and (3) as chemiocal
energy by transformation into new compounds, or species. One
ruast therefore distinguish hetween & vapour nhase reactlion and
the reaction in solution. In the former case the excited
molecule can only lose paxt or all of ilts energy by following
either process (1) or (3). Hence vapour phase reactions are
usually attended by oxtensive decompositions. One may elte

the exemple of aaetaneEﬁ

which on vapour phase irradiation is
disrupted into acetyl and methyl radicals which produce
ethane, carbon monoxide and blacebyl by subssguent rgactions

ete. The yield of biacebtyl 1s quite dependent on temperabure.



With rise in temperature, methane becomes the important product
and the yleld of blacetyl and ethane are considerably reduced.
Similarly the high temperaturs photolysis of gyclopentanone (9)
results in the formation of g¢yclobubtane (10) and carbon

mnndxide?sr

— +CO

) (10)
o

ettt et ot R A e e

On the other hand, pholochemical reactions in solution
. behave "moderstely", since they can get ric of part or whole
of thelr energy by collision with other molecules (of solvent
ete.). These reactions therefore, call intc play the "radical
intermediates® which give rise to the interesting photo-products.
This is illustrated in the sequel by various eoxamples.

Avomatic ketones and aldsehydes are transformed into
their correspondinggnacols, when their alconholic solutions

o

are exposed to sunlight, ¢.g. benzaldehydg (11} furnishes the
hydrobenzoln {12) wille compound (14) results when benzophenons
(13) i3 irpadiabed in isopropyl alcohg%fgg The reaction can
he interpretsed as occurring through thie particination of the

radicnl intermediate (15) which after coupling abstracts

hydrogen from the solyont to produce the required product.
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The formation of pinacols is probably not a
general reaction because fluorsnanew ‘and m‘.nt]mozmﬁ:L have
been found to be stable to isoprepyl aleohel inssunlight,
Steric reasons are probably operative, because the plnacol
{18) on resction with acetone in swmlight furnishes the

correspsnding ketone (17) and isopropyl alechol.
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Similarly benzoyl-diphenyl methane (18) in bensene
solution is tpamsformed photolytically into 1,1,2,2,

tetraphenyl ethane (21) and benzaldehyde@z The reaction has

‘been explained on the formation of the usual radieal inter-

mediates (19) and (20). The latter dimerises to furnish
compound (21) while the former stabilises itself in the form
of bengzaldehyde. The attack of the radical (20) on (18) to
vield the compound (21) and a benzoyl radical is not excluded.

Trans~ -oxocamphor (22) furnishes another exampls
by transforming itself photolytically into l-methyl-4-acetyl
eyolohex—24one {28), in the presencc of oxygen6§ The reaction
i3 stated to vproceed probably through the intermediates (23 to
25). The radical intermediate (25) abstracts a hydrogen atom
from (22) to produce (26) which is then said to react with it
further to produce the desirved compound (28) through the
intermediate (27). (For formulac sesc Table 2).

Certain o=-quinones and 1,2 diketones on photolytie
reaction with substituted olefines afford the 1,4 dioxins.

This general reaction is illustrated in 'scheme a' below.

(e‘,:-c — 3 ——
C —
| + 0 —>
—C =0 _, -C -



Suuh phutareactions have beqa'ahown to ocour with
: L2

bengil, dianisil and phenanthroquinonq( This reaction may be

71,72
aompared with the addition of aldehydes and ketones to olefines.

(w

For example, Buchi'“ has shown thal bengaldehyds (20) reacts
with 2~meﬁny1-2-bubene (30) when compound (31) results.
Strueture (32) for the photo-produst {31) was ruled ocut on the
baslis of ascid-cabtalysed cleavage when no acetons could be
isolated. Compound (33) under sinilar acid treatment did afford
acetone,

Kharashve has explained the addition of aldehydes to
terminal olerines on the basis of the radical intermediate (34),
whnich then attacks the olefine. his mechanlism may be true in
sertain cases. However, buchi has pointed out that in hils
case, this reaction mechanlsm does not hold good, because 1t
should preferentialiy produce compound (32, rather than (31).
Secondly, such a mechanism cannot be applled to ketones.
Buehl has instead, postulated that thie sxzeited state of an
aldehyde group would give rise to tho diradical (55) which in
turn would react with the olefine to give the diradicel (36),
and this on saturation would afford the desired product (31).

on the other hand substituted acetylenes react with
aldehydes photoiybically teo producs AB - unsaturated kotones
conbaining the sysbem 4’3(} Dengaldehyde, for instance, reacts
with De-deeyne to give the addauct {33), For this reaction e

reasonable intormedinic postujated by Zuchl s the oxotene
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(39) whiech would beﬁexgeated,ta re-arrange to the deaired .
compound (38)@;3Acetcph@nona.behavas similarly and likewise

furnishes (38 R 3 CHz). (For formulaec see lable (3) ).

75 .
Jeger has very recently provided another interesting

example of the light induced dienone-phenol re~arrangement,
Thus prolonged irradiation of l,dehydro-o=-acetyl testosterone
{(40) in dioxane results in the {orration of the corresponding

phenols (41) and (42).

Unsaturated conjugated ketones mechanistically
behave similarly in most of the instances. IFor example, the
ketone (43) on exeitation shall give rise to the diradical (44)
which cen either dimerise or react with (43) to glve the
@iradical (45). 7This intermediate diradical is equivalent to
(46) which then stabilises itself with the formation of a
cyolobutane derivative. One therefore finds that §,5-dimethyl-
cyelohexenone (47) ylelds the photo-dimer (48) or (48), in
aleoholie solution, and on exposure to sunlight?é

It may however be anticipabed that the diradical
intermediate (44) may saturate itself internally if so permitted.
And one finds that a solubtion of bieyelo42,2,1) heptadiene-
2,3-digarboxylic acid (56C) in absolute ether, on irradiation
furnisheas the issmer7? (51). {(For formulae soc Table 4).

Miehi has rocenbly provided another interesting

exomple where under bthe influcncs of light, rearrangement of
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a carbonyl cempound oocurs to give a cyclopropane derivative.

A solution of trens- @ -ionone (52) on irrediation in ethanol

yields'two new isomerie compounds (53) and (54), the latter

,0
)
PN
($S) (56>
"~ {54] would De 4@ o g S T .

Finally, the cyelisation of carvone (55) to carvone
. ‘
camphoégﬁgg e mentloned whieh takes place under the influence
of 1light. 7“he mechanlsm of this cyclisation follows the
goenerel pabtern and 1ts‘analogy hes already been cited (see

Porrula B1).
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' 8
ac a“boryl oempcund oocurs to give e cyslapropane ﬁarivative.
A solutlon of trans- ﬁ~»icnone (52) on irrediation in @thanol
vields two new. 1samerie aompounda {55) and (54), the 1atter

only in small yiel&

It may be mentioned that more evidence in favour of structure

(54) would be desirabla.
‘Finally, the uyclisation of carvone (55) to carvone

7o
T‘ho! ,gg pe mentloned whiech takes place uudcz’ the influence

of light. The mochanlsm of this cyclisation follows the

rorel pabtern and its analogy has already been cilted (see

M A

i
5]
s

Porrula BL).
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STRUCTURE OF ISOPHOTOSANTONIC LACTONE
(For rest of the formulae see Table 5)

Santonin (1), like other c¢yeclle di-enones, is
sensitive to llght and gives rise to very interesting /
transformations, Francesconl and Sestin181 found that by
irradiation in sunlight of a solution of santonin in one /
equivalent of potassium hydroxide photosantoniec scld 015H2205

was formed. Villaveechia®® showed that in a similar manner,
gsantonin in aleoholic solution on exposure to sunlight was /

transformed into the ethyl ester of photosanton-lactonle
acid, also known as photosantonin, together with photosantonlc /

acld and a substence, CynpHy,0, mp.154-156°, (*1, +76.8 in

ethanol. /

In a similar irradiation of santonin in acetic acid,
82-8b
Cannigzzaro and others isolated photosantonle acld, an lsomeric

substance known as isophotosantonic acid 044H,,0; and a compound

Hegt “°3§ ’

@)
one Hee
¥ ! 2 \\r/ ’
Ho Q,C;L\—\
3o

-

1




STRUCTURE OF ISOPHOTOSANTONIC LACTONE

(For rest of the formulae see Table 5)

Santonin (1), like other cyclie di-enones, is
sensitive to light and gives rise to very interesting
transformations., Francesconl and Sestinisl found that by
irradiation in sunlight of & solution of santonin in one
equivalent of potassium hydroxide photosantonic acid 015H2205

&2 showed that in a similar manner,

was formed. Villavecchia
santonin in aleoholic solution on exposure to sunlight was
transformed into the ethyl ester of photosanton-lactonic

acid, also known as photosantonin, together with photosantonle
acid and a substance, CynH,,0, mp.154-156°, (41, +76.8 in
sthanol.

In & similar irradiation of santonin in acetic acid,
82-856
Camnizzaro and others isolated photosantonle acid, an lsomeric

substance known as 1lsophotosantonic acid Cy5H,,05 and a compound

B

oHzg0% 0,, mp.300° of unknown conatitution.
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By irradiation in aqueous acetic acid solutions
of santonin, a variety of photochemical products including
photosantonic acid, isophotosantonic acid, isophotosantonic
acid diacetate and the acetate of isophotosantonic acid lactone
have been obtainié. Another substance, known as photosantoninic
acld, CzoHys0g, results when santonin is irradlated in three
equivalents of aqueous potassium hydroxide?l

Cannlzzaro, Francesconi and Venditl showed that
isophotosantonic acid, to which they eventually assigned the
structure (2), gave an oxigé, a monoacetate, a dlacetate and
& phenyl-hydrezone. These reactions therefore, indicated
the presence of a hydroxyl group and e carbonyl funetion
(though not necessarily an aldehyde) in isophotosantonie acld
lactone. On oxldation with acid potassium permanganate, of
éggphotosantonic acid, the so called bis-hydroxy isophotosantonic
acid resulted, sald to possess the formula (3). In addition
it will be recalled that these deductions were necessarily
based on the (incorrect) structure proposed for santonin at
that time.

The evidence &ited to support the structure of
gggphotosantdnic aceid 1s very insuffieient. It 1s, for
instance, remarkable that a primary alcoholic group in (3)
would survive aclid-permanganate oxidation. It seemed,there-

fore desirable to reinvestigate the problem.




We found that the main photochemical transformation
product of Santonin in aqueous acetlic acid splution‘was fhe
so-called "isophotosantonic scid! obtsinable in 30% yield or
more. For irradiation purposes a bare mefcury are (126 W)U
lamp was used as an approximation to‘the éonditions observed
by egrlier‘werkers who employed solar energy. lEarlier
1iteratu?é‘givesAno indication as to the yield of isophoto-
santonie acid nor of that of the other photo-products. The
so-called photosantonic acid was also isolated, thoughlin
lesser amounts, as a second photo-product.

isoPhotosanic acid was originally aseigned the
camposition C3gHpp05 and was shown to be converted into
isophotosantonic acld lactone elther by warming at 100°C or
on treatment with acetyl chloride. We found that both iso-
photosantonic acid and igophotosantonic acld lactone are
neﬁtral substances, showing a band in the infra_red spectrum
at 1776 gmfl (p-lactone; Hujol) which showed that the so-called
acid 1s merely the hydrated form of the corresponding lactone.
This was found to be the case, because 'lsophotosantonile
lactone! on crystallisation from aqueous aleohol furnished the
hydrated form, while crystallisation from non-aqueous solvents
afforded the non-hydrated form. Hence lsophotosantonic acld

will be deseribed as lsophotosantonic lactone in the sequel.
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As already mentioned, isophotosantoni¢ lactone was
said to contain a hydroxyl group and é sarbonyl group,
provisionally regarded as an aldehyde, isoPhotosantonie lactone
was now found to be stable to chromlc acld at room tamﬁerature.
Hence the hydroxyl group must be tertlary and the carbonyl
functlion ketonie in nature. In aeccord with this, isophoto-
gantonle lactone was not found to give any of the tests |
(Angeli-Remini ete.) characteristic of aldehydes.

The nature of the funectlonal groups in isophotosantonie
lactone was also supported by the infrared 8pectrum’which showed
bands at 3470 (hydvoxyl); 1776 (p-lactone) 1693 and 1660 om™>
( olP-unsaturated gyclopentenone). Its ultraviolet absorption
spectrum had a strong band at 239 mMm (£ ,13000) indicative of
the presence of a fully substituted gzglgpentenonga (e.f.
desacetyl neotermulif! (4) which has ) max 240 ma ( € ,16000) ).

On hydrogenation with 5% palladised charcoal,
isophotosantonic lactone afforded the ocorresponding dihydro
derivative CipHop0y whiech exhibited a band in the infrared spect-
rum at 1728 eﬁ} indicative of the cyclopentanone grouping.
3ince the dihydro derivative was saturated towards tetranitro-
methane, isophotosentonic lactone mmat have twé;carbocyelia
rings.

Thionyl chloride-pyridine dehydration of 1sophoto-

santonie lactone produced an anhydro-compound, CjgHyg0s, which
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linfrared bands at 1770 (p-lactone) 1690 and 1643 émT&‘ -
(indleative of eyclopentenone) and a band at 906 om .~ in
chléroform{ This ihdicated ﬁhé formatioh of an gggéycii¢  |
methylene grouping, '>C = Cﬂg,”on dehydration. This was
sipported by ﬁhe'Kuhﬂ-Roth G~meﬁhy1 déterminations'whéh'ﬁhe
andydro-derivative had only two C-methyls, as éompéfed with
the parent compound which was shown to contain three C-methyls.
0Ozonolysis of the anhydro-compound, in confirmation, yielded
formaldehyde. It is to be coneluded that the original‘lactone,
therefore, contains the‘grouping ‘\G/’OH Sincé.tha

\
CHg

anhydro compound showed a maximum in the ultravlolet at

238 ma (E 12600), essentially identleal with that of the
parent lactone, the exocyclic double bond is not in conjugation
with the enone system. In contrast, dehydration of the parent
lactone under acidie conditions afforded an olly conjugated
dienone { \ mex 305 mm: ¢ ,11,000) characterised as 1its
srystalline 2:4-dinitrophenylhydrazone.

Ozonolysis of the parent lactone followed by steam
distillation afforded acetic acid and a neutral compound,
013H1605. This exhibited bands in the infrared at 1770 and
1760 om™t indicative of the presence of two Yy -lactones. The
other carbonyl function which was responsible for the formation

of an oxime, showed a band in the infrared at 1720 cmfl and had
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& maximum in the ultraviolet at 284 mum (€50). The dilactone
gave a positiVQ‘?ehiing test suggéstive of a potential A ~ketol
éyatam.l,The abéenée of the original hydrdxyl group apd_the
formation of a new"Y~1aétona implies that the cafbéxyl.group‘
ganeratedvfrom tha original cérbonyl.groupvoﬁ ozonbiysié had
lactonised with the hydroxyl group tc form the‘néw Y-lactone.
Hence, on the above evideﬁae partiai éxpression (5) can bé‘

wiitten for isophotosantonlec lactone. Now, if one has regard

‘to the constitution of its precursor santonin (1), one ecan write

the interesting struecture (6) for isophotosantonic lactons,

when the dilacione 01331605 can he satisfactorily formulated
as (7). |

C 8

4
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The strugture (6, 10-hydroxy-3-oxo-guat~4«en -6:12-
0lideflwas confirmed in a simple_manner. On acld-catalysed
h&d:agénaﬁion, it afforded a mixture of saturated alcohols
(no gzglgpentanmne band in the infrared) which furniah@d
chamazulengs_(8), on dehydrogenation ovér palladised charcoal.
One can, therefore, formulate the non-conjugated anhydre com=-
pound as {41) when the isoméric conjugated dilenone will be (10),
Similarly dihydrolscphotosantonic lactone can be assigned the
formula (11).

The acetate of igsophotosantonic lactone was prepared
by the method of Cannizzaro and Falerigs. This was shown to be
tha‘noimal tertiary acetate as distinet from the posalble enol-
acetate, by its ultravlelet absorption spectrum which had a
maximum et 239 mm (& 13000). In accordance with this, the

infrared showed no hydroxyl band.

* We adopt here the proposal bngorg7 that such lactones

should be named in terms of guisanolide. The numbering that

is employed here is convenient in that 1t shows the relationship
of the gulane skeleton to the santonlc acld or eﬁéesmane
akalétohs. It also corresponds to steroid and polyterpenpi&

numbering and may have implications in terms of absolute con-

figuration.



w 36 -

The experiments outlined beleow support the
sonstitution { 6) assigned to lsophotosantonie lactone.

A more detalled study of the ozonolysis of the photo-product
- (6) revealed that if the ozonide were decomposed hydro-
lytieally, but wlthout subsequent steam distillation, an
isomerle neutral dilactone CpzHjg0s (dﬂd+75 (pyridine)
resulted., The infrared showed the presenco of two P=lactones
(bands st 1777 and 1750 cmfl) and a carbonyl band at 1720 sut
(Mzjol). Its relationship to the already described neutral
dilactone (B) was proven, when on standing in pyridine for

18 hours it mutaroctated to -Si, and the first mentioned stable
dilactone was isolated in quantitative yield, characterised
by m.p., nixed m.p. and infrared spectrum. It is therefore
obvious that the two compounds are isomeric at one or both

of the esymmetric centres, o to the carbonyl funetlon, and
that steam distillation is s sufficiently vigorous process to
induce isomerisation.

When, however, the ozonide of the parent lactone was
decomposed by hydrogenation then the triketone (12) 01532005»
resulted. This exhibited a maximum in the ultraviolet at
290 mm (€ 71) and showed a band in the infrared at 1¥15 cmfl,
indicative of the presence of an acyclie or cyclohexanonse
ketone. Its formation is not unexpected on mechanlstie

grounds, because if the ozonide is represented by partial
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formulga (13), it would furnish the triketons (12) under

the condltions employed. That compound (12) is an oA~diketone
was shown by its treatment with alkaline hydrogen peroxide,
when one mole of acetls scid was abtaihed.

’ - On reduction with sodium borohydride, lsophobto-.
santonie laectone furnished the saturated alecohol (lé},and'the
corresponding unsaturated alcchol (14,R=H). 7The latﬁar on
ozonolysis was converted inte %he diketone (16, R=H) 015H2206°’
Acetylation of the unsaburated alcohol (14,3=H) resulted in
the formation of an olly acetate {(14,R=A8) which was character-
ised by its conversion into the erystalline acstoxy diketone
(16,8=A¢) which gave a positive Fehling test.

Treatment of the oily acetate {(14,R=AC) with osmlium
tetroxide produced the corresponding crystallire dlel (17)
which consumed one mole of perlodic asid after 18 houra. On
similar trestment with osmium tetroxide, the parent lactone
(6) afforded the triol (18) which consumed one mole of perlodie
acid very rapldly, the reaction helng complete within 15
minutes. The product formed was & neutral bis-lactone having
the composition U;gHapl.- The above results suggeat that in
the triol (18) cleavage occurs between Cs and C4,

The bis~lactone 91532606 was found to be ldentical
in every vespect with the so-ecalled "pis~hydroxy isophotosentonic
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acid" obtainable by the acid'pérmengan&te"oxidabion”cr'the
isophotosantonic lactone (6), In the~infféﬁed?spééfrum7this
substance showed bands at 3430 (hydroxyl) 1760 (strangthl
indicative of Eﬁg‘?-lactonés}'and 1710 om T (aliphallc ketone.
or equivalent). In accord with this, it had a maximum in the
ultraviolet at 205 mM {§ 40). The oxidatlon product was
stable to chromic scid, showing thab the hydrcxyl group 1s
tertiary in nature and a positive iodoform tost confirmed

the proscnce of a methyl ketone. On the sbove ovideénce the
gompound can be formilated as (19) or (20), arising from the
intermediate (21; partial structure).

Structure (192) for the oxidstion product was
favoured on two reasons. Pilrstly, there is anslogy in
compound (7) for the lactone system of (19). Secondly, the
compound (19) could not be dehydrated, starting material being
recovered, under conditions which readily effect the
dehydration of ﬁhe parent lactons (6). However, the resistence
df'(lg) to further oxidation by poriodic acid or lead tetra=-
ascetate would favour (20), but for the fact that steroidal
17 d-hydroxy-20-ketores of the partiaégstructure (22) are
noboriously resistant to these reagents.

The acldic potassium permanganate oxidation of the
parent lactorne (6) con possibly be interpreted as occurring
through the formation of the triol (18) which is then oxidiged
further to the required product (19) in a manner simllar to that

of periodate cleavage.
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Experimental

| All melting points reported throughout the
experimental portion were taken on the Kbfler bloek, unless
specified to the contrary. All rotatipns'were determined in
ehloroform solution unless stated otherwise.

The phrase "in the usual way" implies in general,
dilution with water, extraction with chloroform, washing
sucecessively with dil.aqueous hydrochloric acild and dilute
sodium bicarbonate sclution srd (as required) followed by
water. The chloroform layer was dried over anhydrous sodium

sulphate and evaporated in vacuo.

isoPhotosantonic Lactone (1l0~liydroxy-3-oxogual-4-en-

6:12-01ide) (6). - Santonin (4.0 g.) in 45:55-acetie acid:
water (110 ml.) was irradiated in a quartz flask under reflux
with a bare mercury arce (125 W) lamp until the rotation fell
%o approx. 29 (about seven hours). Removal of the solvent
under reduced pressure afforded a gum which was separated by
means of sodium hydrogen carbonate into acidic and neutral
fractions. The neutral fraection (3.2 g.) was chromatographed
over silica gel (110 g.) collecting 20 fractions. Elution with
ether-acetone (1:2) (four fractions) afforded 'isophotosantonie
lactone! (1.2 g.), m.p. (from ethyl acetate - light petroleum)
165-167°, (&) p + 129° (¢, 1.34), A max. 239 mu( & ,13000)
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(Pound: C, 68.2; H, 7.35; C-Me, 17.5. Calc. for'¢153g904

¢, 68.15; H, 7.65; 3C~Me, 17.0%). Crystallisation from
aqueous ethanol afforded material of the same m.p. (Pound:
C, 64.06; H, 7.6. Cale. for OjzHp,0,.H,0 C 65.8; H, 7.85%).
The compound gave negative Schiff, Angeli-Rimini and Fehling
‘tests.

The acidic fraction (760 mg.) was chromatographed
over ailica gel (2¥g.) (20 fractions)., TWlution with benzene=-
ether (5:1) (4 fractlons) gave photosantonic acid (160 mg.),
mvp. (from chloroform-light petroleum) 154-155°, A max.210 ma
( & e700), fa), - 120° (¢, 1.3) (Found: C, 68.4; H, 7.6.

Gale. for CygH,.0, C, 68.15; H, 7.65). Turther elution with
ether-acetone (2:1) (3 fractions) afforded some 'isophotosantonlc
lactone' (144 mg.). |

The acetate of 'lsophotosantonic acid lactone' (2%}
va8 prepared by the method of Cannizzaro and Fabris? 'Isophdto~
santonlic lactona'! (150 mg) was refluxed with acetiec anhydride
{5.5 ml) in the presence of enhydrous sodium acetate (loymg),
for 3 houra,usual working up and recrystallisation from ethyl
acetate-1ight petroleum this had m.p. 176-177° (capillary),
{a)D + 589 (e, 0.53 in ethanol), Amax. 239 m& (& ,15,000).
Cannizzaro and Fabrls recorded m.p. 183° s (Blp *+ 590 (in ethanol)

for this ecompound. In the infra-red the acetate showed bands
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at 1770 (Y-lactone), 1730 and 1260 (aaetate),VlVéS and 1638
em?l (gzg;gpentenone).

- 3-oxogual-4:10(15)-dien-6:12~011de (48). -~ 10«Hydroxy-
3-oxoguai-4~en~5:12-01lide (6) (56 mg.) in pyridine (3 ml.)
was treabed with thionyl chloride (240 mg.) at 0° for 10
minutes. Isolation of the product and chromatography over
8ilica gel (2 g.) (six fractions) gave, on elution with
benzene (two fractions), 3-030@uai-4:10(15)«Q&gg—ﬁ:lzﬁgiggg
(48) (20 mg.), m.p. {(from ethyl acetate-ethor-ilight petroleum)
113-115°, Amax. 236 m& (& ,12,600), (ajy + 378° (e, 1.21)
(Found: €, 73.15; H, 7.1; C-lle, 14.9. CigH

1
73.15; H, 7.35; 2 C-Me, 12.27%)., Ozonolysis of the anhydro

805 requires C,

comnound (73 mg.) in methylene dichloride (50 ml.) at -30°

for 30 minutes (disappearance of u.v. max. at 236 ma ) followed
by steam distillation into aqueous dimedons (removal of
methylene dichloride in vacuo) gave the formaldehyde-dimedone
sompound (17.8 ng.; 20%), identified by m.p. and mixed m.p.

A similer ozonolysis of the anhydro compound (65 mg.) followed
by conversion of the acidic portion of the steam distillate to
the p-bromophenacyl ester gave, after chromatography over
alumina (2 g., Brockmann Grade 5), p-bromophenacyl acetate

(29 mg.; 50%) identified by m.p. and mixed m.p. Compound (48)
(%0 mg.) in ethyl acetate (5 ml.) was hydrogenated with 5%
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palladised charcoal. Uptake of 1 mole of hydrogen in 5
minutes. Usual working up of the product furnished the oily

A
dihydro derivative A max, 235:(&,,12400). Infra red spectrum

showed that band at 906 o™

due to the grouping >G’ = GHQ has
disappeared. On ogonolysis the dihydro-derivative furnibhed
0.8 mole of acetic acid.

Acid Catalysed Dehydration of 10—Hydrogg-5—oxoguai—

4-en=-6:12-0lide (6), - The hydroxy-lactone (300 mg.) in acetio
acid (10 ml.) was treated on the steam bath for 45 minutes with
8 7% solution of perchloric acid in acetic aeid (30 ml.).
Chromatography of the product over silica (9 g.) geve, on
elution with benzene and with benzene-ether (2:1) a gum showing
Amax.305 maw (& ,11,300). This was converted into the 2:4-
dinitrophenylhydrazone in the usual way by dissolving the gum
in absolute alcohol (5 ml.), adding the reagent (400 mg)
dlssolved in conc.sulphuric acid (2 »£ ) and warming on the
steam bath for 10 minutes. Usual working up and chromato-
graphy over bentonite-celite and elution with chloroform gave

3-oxoguai-4:1(10)-dien-6:12-0lide (1D) 2:4-dinitrophenyl

hydrazone, m.p. (from chloroform-ethanol) 232-238° (decomp. ),
A max. 405 mu ( & ,26,600 in CHClz) (Found: N, 13.4.

CpyHpgOgN, requires N, 13.15%). In the infra-red the o mpound
showed a band at 1765 cm'l ( vy -lactone).
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- Ozonolysis of 10-Hydroxy-&-oxogual-4-en-6:1l2-olide

(@). - (a) The keto-lactone (100 mg.) in chloroform (40 ml.) .
was ozonlsed at -10° for 25 minutes (disappearance of band.at
239 mm ). Steam distilletion and eonversion of the volatiler~
acidie portion to the p~bromophenacyl ester (removal of

CHClz in vacuo) pgave, on chromatography over alumina (2.5 g.;
Brockmann Grade 5), eluting with benzene-light petroleum
(b.p. 60-80°) {1:20), p-bromophenacyl acetate (20 mg.; 20%),
identified by m.p. and nixed m.p. The residus from the steam
distillation afforded the stable 2:5-dihydroxy-5-methyl-3-
oxocycloheptane-4-acetic-1-o ~-proplonic #ilactone (§), m.p.
(from ethyl acetate) 198-212° (decomp.), (&) p =~ 31% (e, 0.80
in pyridine). [ pax, 294 ma{ ¢ ,50) (Found: C, 81L.8; H, 6.65;
C-Me, 12.25; equiv. 126,11, 126.4. 013H1605 requires C, 61.9;
H, 6.4; 2 C-Me, 11.9%; equiv. 126.1). This compound gave &
positive Fehling's test, but was stable to chromie acid in
pcstic scid at room temperature during lf hours. The derived
oxine, prepared with pyridine-hydroxylamine hydrochloride in
the usual way, had m.p. (from methanol-ether-light petroleum)
214~224% (decomp.), (&) + 90° (¢, 0.66) (Found: O, 58+25;

H, 6.1; N, 5.75. Cy3H;,05N requires C, 58.4; H, 6.4; N. 5.25%).
(b) A similar ozonolysis, but with decomposition of the
ozoﬁide with cold water furnished the labile dilactone (B) m.p.
(from ethyl acetate) 198-212° (decomp.), [a.)D + 70° (¢, 0.69 in
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pyridine) (Found: G, 61.7; K, 6.65 %), After 18 hours in

pyridine the rotatibnrhﬁd ¢h&nged tb‘~31° characteriatie of

the stable dilactone (sée above). Isolatlion gave the stable
dilaatona itself identifisd by'm Py retatian and infra~red

spectrum.

(c) 'IO-Hydroxy-3~oxoguai-é«en-s:18~olide (70 mg.) 4in

ethyl acetate (5 ml.) was ozonised at -60° for about 30 minutes
(disappearence of u.v. max. at 259 mAaL), Pelladised charcoal
eatalyst was added and the solﬁtion hydrogenated as it warmed
to room temperature., Crystallisation from ethanol-light
petfoleum‘gave the triketone {Jw{ﬁ-(z:S—dioxobutyl}ézzs
dihydroxy»Ssmeﬁhyl~5~oxocyc1oheptyi] propioniec 2~1actcné}(13),
m.p. 154-156°, (a)y + 20% (e, 0.66 in ethanol), A max. 290 mu
(¢ .71) (Found ¢, 61.05; H, 6 5. Clsﬁzo 6 requires C, 60.8;
H, G.Bp). The COApOund gave a positive Fehling's test but was
not cleaved by lead tetra-acetate in acetic acid solution at
room temperature. Treatment of the triketone (54 mg.) in
ethanol (5 ml,) containing agueous  Nesodlum hydroxide

(1 ml;;) with 30% hydrdgen peroxide (3 ml.;) for 15 minutes
(excess of peroxide destroyed with platimum black) gave, on
noidification with diluted sulphuric acld and steam distillation
acetic acid (0.9 moi. by titration), characterised as the

p~bromophenacyl ester (m.p. and mized m.p.), @s sole volatile

product.
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10-Hydroxy-3-oxoguaian~6:12~olide. = 10-Hydroxy-s-

oxogual~4-en-6:12-0lide (1.0 g.) in ethanol (100 ml.) was
hydrogenated over 5% palladised charcoal (500 mg.; for 3 hours
(upteke of 1 mol. of hydrogen). Chromatography of the product
over silica gel (35 g.) (17 fractions) afforded, on elution with
ether (6 fractions), 10-hydroxy-3-oxoguaian-6+12-olide (1%),

m.p. (from ethyl acetabe-benzene-light petroleum) 155-158a,

o : :
lB)p - 46° (e, 1.16) (Found: C, 67.45; H, 8.1. 615H2204
requires C, 67.65; H, 8.35%).

Oxidation of 10-Hydroxy-3-oxoguai~4-en-6:12~0lide with

Potagsium Permanganate.- The hydroxy~lactone was oxidised with

potasslum permangenate as described by Francesconi and Vendi%gi
to furnish the dilactone (19) isophotosantonic lactone (250 mg.)
wae dissolved in water (12.5 cc) and to it was added cone.
sulphuric acid (3 cc) followed by dropwise addition of 2.5%
KMnOy 1n water (4.16 ml). Left overnight in the refrigerator.
Usual working up afforded the deslred compound. On
recrystallisation from sthyl acetate this had m.p. 286-2889,
g+ 34% (o, 1.0), {ajp + 112° (e, 0.67 in pyridine),

Amax, 295 mu (¢ ,40) (Found: C-Me, 16.1. 0,15}:2006 requires
for 3 C-Me, 15.2%). The cmpound gave a positive lodoform test
and was stable to chromic acid for 2 hours at 60° in acetiec
acld solution. It was not dehydrated by thionyl chloride-

pyridine at 0% or at room temperature (recovered unchanged).
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This dilaetone was also abtainea in the follawins
way. 10*Hydroxy»3~oxogua1~4-en»6 12»011&9 (50 mg } in ary
dioxan (0.5 ml.) was treated with osmium ’cetraoxide (65 ng. )
for four days at room temperature‘ Cleavage of tha osmate
with hydrcgen sulphide and crvstalliaation of the product fram :
methanol ethyl acetate»light netroleum afforded 4:5:10~ _
trihydroxy—@-oxoguaian~6:12»011&9 (18)9 m.p. 193« 398° (decomp ),

fa)y = 17° (e, 1.02), infra-rec‘l bands at 3400 (hy dr*oxyl),
1?60 {¥~lactone) and 1740 om, fgzglﬁpentanone) (Found.
G; 59.95; H, 7.65. Glgﬂggog f@quires ¢, 60.4; H, ?.45%). This
triol consumed 0.96 mol. of periodiec acid in 15 minutes after
which there was no further uptake of oxidant, Consumption of
108d tetra-acetate In acetic acld was the same. Thé triol
(90 mg.) in water (45 ml.) was treated with 0.05 H periodic acid
(27 ml.;) until one mol. of oxidant had been consumed (15
mimutes. Dilution with water, extraction with chlorororm
folld@ed by Washing with water and crystallisation of the pro-
duet from ethyl) acetate gave the dilactone (19)‘(886 abqve),
identified by m.p., mixed mp., votation ( {BJD + ,3.13a (e, 0.62
in pyridtne) ) and infra-red Spectrum (Found c, 60 55; h 6 85.

Reduetion of 10~Eydroxy~3—oxnguai~4-en~6 12-01ide with

Sodium Bcrohydride.— The Wydroxy-lactone {300 mg.) in ethanol

(2 ml.) was tréated with sodium'bordhydride (400 mg.) in the
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same aolvent (3 ml ) for 920 minutes. The camplex:wés deccmposed
with dil. acetlc acid. }mxtractxon with ahloroform anﬁ |
arystalliaation of the product from ethyl acetate~light
petroleum furnished 3: lo~d1hydraxgguai -4-en-6:12-0lide (14;

= M), m. p: 205- 208° falp + 870 (e, O. 86), no high intensity
u.v. absorptiou (Found: C, 67,6; H, 8.45. 01532204 requires
G, 6'7 65; H, 8. 55 } Acetylauion (pyridlnewac@ﬁic anhydrida
at room Lemperature overnight; gave an oily'mono-acatate to
Whldh further reference 1s nade‘belqw.

| Fractional erystalliisation of the mother 1iq§ers

from the sodium borohydride reduction from methanol-ethyl

acetate-light petroleum gave the saturated 3:10-dlhydroxygusian

6:12~0lide (15) m.p. 95-970, l@)p + 16° (e, 0.82) (Found:
¢, 63.0;3 H, 9.0. GygH,,0, .Hy0 requires ¢, 62.9; H, 9.15,%).
Ozonolysis of 3:10-dihydroxygual-4-en-6:l2«-olide
(100 mg.) in ehloroform (100 ml.) at -25° for 30 minutes,
‘décomposition of the ozonide with water and crystallisation

of the product from ethyl acetate~light petroleunm afforded the

dihydrﬁxydikatone ‘%i-[ :5-dihydroxy-4~(2 -hydroxy~5~oxobutyi)-
S-m@thyl-é-oxooycloheptyl] pTOpiORiG 2-1actone} (16; R = H),
m.p. 196-208° (deconp. ), \&p - 8° (e, 0.58 in pyridine) |
(Found: C, 60.'75, H, 7.45. 01552206 requires C, 60.4; H,7.45%).

Similar ozoholysis of the oily acetate gave the corresponding
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acetate (16; R = Ae), m.p. (from ethyl acetate-light petroleum)
178-161°, (a}p + 104° (c, 1.04) (Found: G, 57.15; H, 7.48.
Gl?ﬁﬁ 40,7.320 requlres ¢, 56,95, H, 7.3 %). The compound gave
a positive Fehling's test.

Treatment of the olly acetate (47 mg.) in dioxan
{6 ml.) with osmium tetroxids (56 mg.) for 14 days at room
temperature and cleavage of the derived osmabe with hydrogen

sulphide gave 3-acetoxy-4:5:10~trihydroxyguaian~6:12~0lide (17),

m.p. {from methenol-ethyl acetate-light petroleun) 192-1940,

(a)D + 19%2 (e, 0.95) (Found: ¢, 58.25; H, 7.45. 017H2607.%H20
requires ¢, 58.15; H, 7.75% ). This compound consumed 1.1 mol.
of periodie acld during 18 hours at room bemperature after
whiclhi there was no further uptake.

Dehydrogenation.~ l0-Hydroxy-3-oxcguai-4~en-6:12-0lide

(1.0 £.) in 'AnalaR! acetic acid (80 ml.) containing 72%
perchloric acid (b drops} was hydrogenated using a platinum
catalyst. The gumny product (no ketonis band in the Infra-red
spoctrum) was dehydrogenated in portions (200 mg.) by heating
with 10% vpalladised charcoal (200 mg.) for 15 mimutes under
nitrogen at 320° (Wood's metal bath). The combined product was
extracted with light petroleum (b.p. 60-80°) and the blue

solution filtered through alumina (5 g.; Brockmann Grade 5),
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- the colum being further developed with benzene-light
 petroleum (b.p. 60-80°) (1:2). The combined eluates were
Aexﬁrﬁcted with 80% phosphoric acid to concentrate the
agulenic material. Isolation from the phosphorie acid
solution in the usual way, Yy c¢iluting it with water and
extracting with petrol ether, gave on Sreatment with
trinitrobenzene, the chamagulene~trinitrobenzene adduct
{equiveaelent to 6.2 mg. of chamazulene), ldentified by m.p.,
mixed m.p. and ultra-violet and visible sbsorption spectra.
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iﬁﬁgm OF LUMISANTONIN
(Far rest of the formulae see tablas 6 7,8 anﬂ 8)

On irrsdiation of sentonin in aleohelic selution,
the ethyl eeter of photosantonic acid, also known as photo-
santonin, is produced (see page 29 ). In addition, we have
also discovered a nmew light-produced isomer of santonin.
Prof.Buchi (M.I.T), Prof.Jeger (E.?.H. Zurich) and Prof.Cocker
(Trinity College,Dublin) have also obtained thie compound.

- They, through personal communiecations, suggested thnt‘it be
given the name "Lumisentonin" which we have accepted.

Lumisantonin has the eempos&tian~01551893,-ana
exhibits bands in the infrared spectrum at 1765 ( Y~lactone),
1703 and 1663 omjl (AR -unsaturated oyclopentenocne). 1In accord
with this, it had a bromd peak in the ultraviolet at 239 mm
(¢ ,5800). Iumisantonin contained three €-methyl gruups as
determined both chemically (Euhn-Roth oxidation) and by
quantitative infrared measuremanté; Iumisantonin on treatment
with aqueous potaseium carbonate afforded the corresponding
nydroxy-acid (36) which had bands in the infrared at 3455
(hydrexyl) and a broed band at 1690 cm ! (superimposed ayele-
pentenone and carboxyl groups).

Lumisantonin, on hydrogenstion with 5% pelladised
chercoal, in ethyl acetate afforded a orystalline dihydro-
derivetive, Op5Hp03, which was found %o be stable to oseme
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and d1d not give a colour in the tetranitromethane test.
Lumisentonin, therefore, must contain three earbacyélie rings.
Dihydrolumisentonin showed bands in the infrared at

1770 (¥ -lactone) and 1703 om.> The identical carbonyl
frequencies in lumisentonin and its dihydro-derivative suggest
that the carbonyl group in dihydrolumisantonin is still con-
jugeted with some sort of 'unsaturation'. That this wes a
gyelopropane ring was suggested by a comparison of the spectra
with those of umbellulone (1) end (5--&ihydrouabe11ulon§1 (2).
The former showed the earbonyl frequency in the {nfrared at

1716 em.l, #lmost identiozl with that of 1its aihyéw~d¢rivative
{2) whioh exhibited the earbonyl frequency at 1719 om L.

) (2

In eddition, the mulmetanm,

2 max.214 M ( € ,4600) wes slmost identiosl with that of

@ﬁd&mmmenu‘xmgl, A max 210 B ( £ ,2470).
Pinydrolumissntonin, when refluxed with agqueous scetio

acid furnished an isomer and a subetance with the empirical
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formula, 0153 20 » The isomer had three ﬁ~methyls in the
Kuhn»sRoth daterminatian, anﬁ shawed bende in the infraved
8% 1765 (  -lactone) and 1735 om. (narmal _xg;gpentanone).;:
It exhibited a positive tetranitromethane test anétshawedqu;y
an isolated ethyleniec linkage iﬁ‘iﬁs ultraviolet absorption
spectrum, Amex 208 mx (& ,1900). The production of an
additional ethyleniec linkage under‘sueh,mild\coaditiann,lwhén
ooupled with the speetroscopiec dats, gbnatitutes a proof oi‘tha
'presence of a gyclopropane ring conjugated with the earbényi_'
gévup. This was further confirmed in a simple manner.

| Treatnent of lumisentonin with osmium tetroxide
furnished a orystalline glyool Gy 5Hp005 - Thiavg&#e infrared
bands at 3360 (hydroxyl), 1770 ( ¥-lactone) end 1726 cm.® (cyelo-
pentanone). This hed the same ultraviolet spectrum as
dihyérolumisantonin and consumed two mols ef periodie acid to
afford an aldehydc-scid. 014318 5° This 'acid‘ on oxidation with
sodium dichromate at roop temperature consumed one atom of oxygen
and afforded s compound 0143160 s characterised as an anhydride
by its infrared spectrum, whidh ghowed bands at 1830 (anhydriae)
and 1770 amfl (auperimpased anhyariae and'ﬁ—laetene). The
position of the anhydride band ax 1830 em. o is auggenttvoga of
& succinie enhydride attached to e gxg;gprapano ring This
evidence aleo @on@lusively proves the diaeeondary nature ef ‘the

&aubla bond present in lumisantonin. On the basis of all this
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cvidenoe lumisantonin must pesseaa the pertial struetura
shown in the expraasion (3.

| Lumisantanin, on refluxing 1n aqueaua aaatie aaid
in,the dark furnished ;ggphoteaantonie 1aetmne (4, R}ﬂ H).
Similarly,traaxmant with aeetie anid containing a trace of
perahloric acid affcrded the lG~acetoxy compound (4, R = Aﬁ)
Thereﬁore, one oan write the complete atrueture (5) for
lumisantonin, when ite ﬁihyﬂra«darivative would be repreaentaﬁ
by formula (6) (For ‘the mechenism of the soid eatalyaed |
canvartian of (5) to (4) see psge ss ). Similarly,vfermula |
(7) can be aséigned‘te'lumisantonin»ﬂi@l when its'périadaﬁew'
éleévage produet would have the formula (8). ﬁéwa?er,:thin
aoid is regarded as existing in the lactol form (9) on the
basis of infrared end ultraviolet absorption spectra. (No
carbonyl sbeorption). It gave a positive Fehling test
(1ﬁmiaan-ton1n gnd its dihydro-derivative did not under the
same conditions), end exhibited infrared bande at 3292
(nydroxyl) snd 1755 ama ( ¥-lactone superimposed on ¥ ~lactol).
The earresponding anhydride cen, therefore, be assigned the
eanstituticn (10).

| The 1somer of dihyﬂralumisnutonin, formed by
refluxi#g the 1attar with aqueous acetic acid, in e manner

indicated in (6) would then find axpreaaian in formla (11),
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when the _ceonatitution (12), for the eorresponding ter'biary
aleohol, would follow f:rom i‘ts gena&is. the failura to show
abaarpti@n 1n ‘the far ultraviolet region, and frem im?rared
‘bands at 3360 (hydroxyl), 1770 (?-—«laetona) and 1726 em, xd
(Mpmﬁm@ne) |

| Addi‘bional evidenaa to support strua'bure (5) for
1umisantonin is desori’oed in the saqv.el. ’.Breatment af |
lumisantanin with ozone gave fomie acid (0 4 mol eharmteriaed
es its sodium gsalt in the ini’rared) and a small amount of a
erystal}.ine ccmpound, 0‘1551 06, formulated as (13) (or
eq,uivalent open formula) This showeé. infre.rad bands at 3440
.(hydraxyl) and 1755 em"l ('F-—laetone superimposed on S-J.mtel
or equivalent) With alka.line hydrogen peroxide the aompound
'(15) was elaa'hed to & carbox:ylic acid, 0“112006, (14). the
eonsti‘aution of whioh followed when it was obtainad alao by
‘openmg the laetone ring of the lae‘hcl (9) with alkali.

o Brief treatmen‘b of 1umisantanin with hydrcgen bmmide

in Matio aeia a:fforded a non—conjugated e_m_gpentanone (15)
This gave infrared bande (in 6@14) at 1792 (W“—laotone) 1?52
(B -.ungatura‘bgﬂ lg_l_gnentenone) and (in Hujel) at 1627, 802,
752 and 722 am.l (triply substituted ethylenic linksge). On
traatmm’s with boiling pyridine. com;pound (15} fuminhaé 8 new
nonn-conjugatm diauona (16) alang with re-formed 1umisantonin.
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?his'(lﬁ} had three G-methyle in the Kuhn-Roth determination
end exnibited infrared bends (in 6cls at 1792( ¥-lactone) and
1752 (P ~unsaturated cyelopentenons) amd (in Nujol) at 1643,
815, 741, and 727‘am?1 (triply'éubatituteﬁ doudble bond).

The ra~formation of lumisantonin demonsirates the reversibility
of the opening of the gyelopropene ring.

The bromo-ketone (15) was unstable at room

tempersture: it liguified end then resolidified to furnish a
new conjugated—dienone (17). This had three €-methyl groups
(Kuhn-Roth determination) end showed infrared bands at 1760
(¥ ~lactone) 1697 and 1660 em™l (&P -unsaturated ¢yclopentenone) |
~ and at 1630 and T22 e} (triply substituted double bond). |
In accord with the aseigned structure (17) it had & meximum
in the ultraviolet at 220 ma (€ ,10,800). On catalylie
hydrogenation the ketone (17) consumed two mols of hydrogen
to give a saturated tetranydro-ketone (18).

Finally, the conversion of lumisantonin into isophoto-
santonie lactone may be briefly discussed. The rearrangement
can be interpreted as in‘(l?)x. However, the particeipation of
the intermediste (20) cannot be entirely ruled out, although
the mild acid conditions required for this resrrangement make
the latter possibility somewhat imprébable; It may be noted

% Yo are grateful to Prof.Woodward (Harvard) for pointing out
that the resrrangement could be rega§ded equally as pro-
ceeding through a cyclobamtonium ion%4.



with interest that the opening of the cyclepropane ring by
hydrogen bromide (see above), although leading to a different
carbon skeleton, involves the same 05:610 electrons pair.

Witﬂhgdrogen bromide,this elesctrone pair becomes part of a

T ~bond system, whereas with aqueous acetic acid it moves to
establish a new carbon-carbon bond.

In a recent paper Coeker and co~wcrkergs have
reported the laolation of lumisantoninic acid from the
irﬁa&iation of santonin in one equivalent of potassium
hydroxide. This acld is stated to lactonise very easily to
give what is known as lumisantonin, to which constitution (21)
has been assigned by them. It should be noted that the cone
stants for both lumisantonin and the related acid are in good
agreement with those recorded by us and it must therefore be
aésumed that these compounds are identical.

As has been sonelusively proven, lumisantonin cone
tains the grouping - CO.CH:CH -, which funetion 1s not con-
tained in formula (21). Similarly, many other results that
have been described in the previous pages are incompatible
with the constitution (21) for lumisantonin. ?or example,
lumisantonin under acidic conditicns yilelds isophotosantonie
laotons. It would then be antleipated that dihydrolumisantonin
undsr similar conditions would furnish the corresponding

dihydro isophotosantonie lactone. But it has already been
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shown that this does not happen, (see formule 12).  The correct g
structure assigned to lumisantonin (5) therefore, finds . |
additionel support, because even their results based on (21)
‘ean be explained better on the structure (5), as is briefly
discussed in the following pages.

It is stated that lumisantonin on treatment with
~boron trifluoride in acetic acid furnishes the isophotosantonie
lactone acetate (4, R = Ae¢) end an unsaturated compound (22).
This showed bands in the infrared at 1775 (Y —-lactone) 1716
and 1647 cm ! ({P-unsaturated cyclopentenone) and at 832 om 3
()C = CH,), and hed a maximum in the ultraviolet at 219.5 mit.
It is apparent that struoture (22) should exhibit an ultraviolet
maximum at much higher wave lefgtEG(e.f. steroids containing
the partial expression “Tfirﬁnﬁave ,Lmax 228 mAC(onD2BeR00)
snd ite genesis is mechanisﬁically difficult of interpretation).
In faet this compound is identical with the eonjugated dienone
obtained by us and can therefore be correctly representedbby.
formula (17), which also explains the data cited above
aatisfa@torily. | | v
- | It is also state& that lumisantonin, on txeéxment
with hydrochloric acid gas effords (23), which is rapidly
hydrogenated to the dihydro-compound. The compound (23) 1is
stated to be convertible to (24) on dehydrochlerination. Apart
from the fact that the formation of the chloro-derivative (23)
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ééhnat be sxplained in a satisfactory mammer, on the basis of
(21};(it'is‘surpriaing that a tetrasubstituted double bond is
statedxgb‘be‘hydrbgenated rapidly.
- This compound (23) 4a, in fast, correectly represented
by the.eonstitution (25) analogous to {(15), which on
dahydrocﬁlarination, would afford the re-formed lumlisantonin
analogauély‘(see formula (15) ). Therefore the dshydro-
bhlorinated compound (24) should in fact he re~formed
‘lumiaantcnin; the reported dats sre identieal, except for
the rotatlon, which must be assumed to be an experimental
error. (Reported rotation for compound (24) is -136),
Similarly, dihydrolumisantonin under simllar acidie
éonditiens, is Statéd to furnish compound (26). (mp.210-212,
MD + 48 ). This compound is 1dentical with the double bond
isomer of dihydrolumisantonin (mp. 182-202 D Kef%er;&d D + 52).
and sheuld\be sorrectly represented by formula (11),
| Tt 13 alao stated that dihydrolumisantonin on
redustion wifh pé?éium borohydride in agqueous methanol
afforded (27) in smell yleld, presumed to be formed via the
\ irtermediate (£8). It has also been suggested that such
dehydrations are unusual, but mey résult from release of
strain in the molecule, However the compound (27) would

appear more strained than (28), and although this reaction
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seem8 to be unusual, it is probable that (29) is the
intermediate. This loses water by opening of the gyclopropene
ring during the working up of the resction which probably
invelves the use of an acid, to give compound (30), which
already has an anaslogy (see formula 6).

For all these reasons, the structure (21) for
lumisantonin is to be rejected. In addition, the proposed ionie
mechanism involving the intermediate (35) for the formation of
lumisantoninvis untenable, because such excited states arise
from N-B and N-V transitiong? These occur by the sbsorption
of light of wavelength below 200 m,t, whilst we have prepared
these photo-compounds using glass vessels which cut off all
the light having wavelength roughly below 290 mi . (For data

gee also the chart below).

Our Compounds Coeker's Compounds
Compound (17) , ° Compound (22) o
A max 220 m,. (¢ 10800). A mex 219.5 (& 13,800).
Lumisantonin o Compound (24)‘ ’ o
MePe 153—155°g*]D -169 (g 1.2) MePe 150*;51°£4JD -137
A max 239 mu (& 5800) (g, 0.26) A max 237.5 mr

| (¢ 6,310).
' Compound (11) Compound (26)

. Q 0
m.p. 192,202°\d]p + 53 (¢ 0.93) m.p. 210"211635£KD + 48

(ey 1.03).
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Recently, another paper, by Jeger, Bushl and
cdmworkers975 which alse desls with the constitution of
lumisantdnin, haa appeared. Although they have 5relueﬁant1y'
‘prdﬁcﬁed'ﬁhe constitution (5) for lumisantonin, they have not
interpreted most of their results in terms of structural
formulas., Thersfore an offort will be made, in the follawing
pages, to discuss some of the key compounds. The structures
of the rest of the compounds can then be deduced in a simple
manner. |

Iumisentonin is stated to furnish an ilacmer called

pyrolumisantonin, on heating et 2009C. This should be correetly

represented by formula (17) with which 1t is identieal. Pyroe-
lumisantonin probably arises through the formation of tho non=
conjugated dlenone (16) which isomerises thermelly to {17).

. The aldehydo-acid (9) has also beon obtained by
Professors Puchi, Jeger and their colleagues through the same
reaébiOn sequence, and has been steted to he 3table towards
chromis scid at room femperature. On the haslis of this
avidenée they have dismissoed the presence of an aldchyde group.
?hié experiment is of great'significanaa since we found that
the aldelydo-acid (9) could be smoothly oxidised to the
sorresponding enhydride (10): & result which hed e strong
bearing on the structure of lumisantonin. The corresponding



hydroxy-acid (14) on reduction with sodium borohydride is
said to ggve a dihydroxy~diacid mononlactoﬁe 61482005 which
ahould prabably be represented by formula (31), since on.
elimination of ane molecule cf water 1t affords the dilaotona
(32), also obtainable by sodium borohydride re&uation of (9).
. Similarly dihgﬁrclumiaantonin afforda a hydroxy-
methyiano derivative which 1s stated to furﬂish a t*iacid~ ;

monolagtona . CygH, on treatment with alkaline hydrogan

G
peroxide. The hydroxy methylene derivative can be correctly
represented by formula (33), when the triacid mono-lactone
would possess structure (54)

Pnally we would like to poin* oat tnat all but one

of the photo-products of santonin can now possibly be formulated.

Santonin on irrsdiation in alecohollie solution furnishes a
eanpound CygH,,0,, m.p. 154-165 ) + 76.8 (1n aloohol),apart
from phobbaantoninae. This compound has also besen lsolated
by Prof.Jeger and co-woﬁkersg7 who have suggested that 1t is
probably ( B, K= GQHS).

On the other hand santonin on irradiatlion in three
equivalents of potassium hydroxide affwrda photosantoninie
' aeidal 03034299. This sompound has alsoc been abtained’gvby
the trestment af,lumisantopin with aikali,  Therefore its
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formation daﬁ pbpaibly be explained by the addition éf one
molecule of water to lumlsantenin to give (37) which adds

to enother molecule of lumisantonin (Michaesl addition) ta

give (38). Of course, alkali trsatment also lmplies that

the two lectons rings in photesantoninie acid ere Oyan.. |
In accord with its possible Tormulation {38) photosantqbic
‘aoidvgivaaAuietayl gster, and a dilactone monoacetateal.

Photosantoninlic acld on nhydrogenation with platinum oxide
a5
8 -
hydrexyl group is situated in an environment that facllitates

affords a compound Gsoﬂéaa This indlcabtion that the
1ts elimination under these mild conditions, Lo produce a
double bond, whieh is finally hydrogenated, also lends
support to the formulation (38). Therefore dilhydrophoto-

santoninie acid may possivly be represented as (39).
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Experimental
- Lumisantonin. - Santonin (14 g-) in absolute ethanol

(600 nl.) was irrediated in a Pyrex flask under reflux with a
125 W. Orompton bare-arc mercury lamp. The progress of the
reastion was followed by the growth of & peak at 1707 cm:l in
the inirarred. Previous studies had shown that the optimum
Yield was obtained if the reaction was interrupted when this
peak was, with the exception of the lactone ocarbonyl bend, the
strongest present in the carbonyl region of the spectrum.
Isolation of the product and chromato‘grs.phy over sllica gel
(500 g.) gave, after elution with benzene-light petroleum (1:1)
end crystallisation from the same golvents, lumisantonin (5)
(1.8 g.), m.p. 153-155%,\41 - 169° (g 1.2), 2\ may, 239 ma

(& 5800) (Found: C, 73.3; H, 7.1; C-CH3, 14.9. 0OjgH;q05
requires O, 73.15; H, 7.35; C-CH3 (for 3 groups) 18.3%) .
Elution of the column with bengene-light petroleum (1:4) then

efforded, after crystallisation (from tarbon tetrachloride-
1ight petroleum), photosantonin (2.0 g.) m.p. 67—68.59,(433
~ 121° (¢ 1.3 in EtOH).

Lumisantoninic Acid.~(36) Lumisentonin (150 mg.)
was treated with potessium carbonate (300 mg.) in 6 ml. of 1:2
water-aleoohol mixture for 24 hours. Seperation into acidie
and neutral fractionsand crystallisation of the acidie fraction

from ethyl acetate-petrol afforded luminsantoninice acid
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m.p. 85-90° (mostly melted) with resolidification and
finally melting at 135%¢C. Amax. 242 ¢569¥, = - 80 ( 0.875)
(found: ¢, 65.85; H, 7.65; 01552004.%.320 requires: o
¢, 66.0; H, T7.75).

Dihydroluminsentonin.- Lumisantqninv(50vmg.>kih
ethyl acetate (5 ml.) was hydrogeneted in the presenbe ofﬂ,
' 5% palladised charcosl, (50 mg.), 1 mol. of hydrogen‘being
gbsorbed. Crystellisetion from ethyl acetate-light |
petroleun gave dihydrolumisantonin (6), m.p. 160-162°,
o p - 59° (g 0.9), Amax. 214 ma (& 4600) (Found: ©,72.95;
H,7.75. 01gH,405 requires ¢, 72.55; H, 8.1%). The compound

was recovered unchanged under the ozonolytioc conditions
used for. the degradation of lumisantonin.

Ozonolysis of Lumisentonin.- Lumisantdnin (200 mg.)

1h s¢hloroform (60 ml.) was ozonised at‘w25° for 25 min.
(until disappearence of the max. in the ultrawiolet‘at

2%9 mi ). Steem distillation efforded 0.4 mol. formie abid
(1dentified by the infrared spectrum of its sodium salt
KG1 dise ) end no acetiec aeid. Isolation of the residue
 fyom the steam distilletion and orystallisation from ﬁexor
geve the lectol (13), m.p. 86-89°, 1y - 200 (g 1.2)
(Found: ¢, 60.85; H, 6.35; Equiv.(by titration) 147.
0158, g0¢ requires O, 61.2; H, 6.15; Equiv. (for 2 aeidio

functions) 147).
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The Aotion of Hydrogen Peroxide on the Laetol {13) .-

The lactal (53 mg.) in ethanol (10 ml,) containing 4§ sodium
ﬁ;ﬂgexi@a\(?wmlfi was treated with 39% hydrogen peroxide

(3 ml.) and allowed to stend for 20 min. Exceaé,Haoz wes'
daeompesed’by‘acidifieation with dil. H81 followed by

extraetion with chloroform, and erystallisation from acetone-

petroleun ether gave the carboxylic acid (14), m.p. 195-200°
(decomp.), # p + 59° (g 0.87 in EtOH) (Fownd: ©, 58.9; H, 6.8;
01432096 requires ¢, 59.15; H, 7.1%).

Reaction of Iumisentonin (5) with Osmium Tetroxide.~

Lumisantonin (400 mg.) in dry dioxane (5 ml.T'was treated with
oemium tetroxide (540 mg.) and the mixture allowed to stand
for 5 days. Decomposition of the complex with hy&rogen |
sulphide aad'cryetallisation of the produect from methanol-
chloroform-light petroleum gave the diol (7), m.p. 178-183°
(deépmp‘),(ti] pt 35° (g 1.11), lmax.214 ma € 4200) (Founda
G, 64.255 H, 7.1. CygHyq0; requires C, 64.25; H, 7.2%).
Periodic Agid Cleavage and Hydrolysis of the Diol(7).-

The diol (150 mg.) in ethanol (85 ml.) was treated with 0.05 N
aqueous periodic acid (80 ml.) and allowed to stand 2 hr.
(eensumption of 2.2 atoms of oxygen). Isolation of the |
product by extraction with chloroform followed by waghing of
the chloroform leyer with water and aryatallisaxion‘from
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ehloroformrlight pettnleum.afforded the eleavége grsduet

(9) mep. 127-129° with saildification end remelting &t

172-3° e - 25° (g o. .85) (Fownd: G, 63.15; H, 6.6.

614H1$0 requires G, 63. 15; H, 6 8%) Tha substence gave

2 positive Fehling's test. o |
 The eleavege produot (9), (46 mg.) in ethanol

(2;5 mi.) containing sodium hydroxide (1 ml.; 4N) was allowed

to atand axrroom.temperaxhrg for 30 min. Isolation of the

produet in the usual wéy‘ahd crystallisation from ehloroform-

light petroleun afforded the soid (14) identified by m.p.,

mixed m.p. and infrared spectrum.

Oxidation of the Cleavage Product (9).~ The

gubstance (47 mg.) in ecetic acid (10 ml.) was treated with
sodium dichromate (67 mg.) and the mixture allowed to stend
for 22 hr. (upteke of 1 atom of oxygen). Isolation of the
yrndue% in the usual way geve the anhydride (10) 88 a glass
‘which was purified by sublimation et 1 500/10 Nk., M.renge
66-69°, ) - 1050 (g 1.13) (Found: C, 63.35; H, 6.3;
Et:[uiv.‘ 96.5. COy4H1e0; Tequires G, 63.6; H, 6.1%; Equiv.
(ms tribasie acid) 84.8).

The Pormation of 10-Hydroxy- oxogual-4-gn-6112-
olide (4, R=H). Iumissatonin (50 mg.) in 45% aqueous acetio
seid (3 ml.) was refluxed in the dark for 3 hr. (no further

change in (#)p). Eveporation end erystallisation of the



- 67 -

produet from ethyl acetate~light petroleum gave the
guaffiolide (4, R=H) (20 mg.), m.p. and mixed m.p. 165-167°,
having the same infrared speotrum ss an authentic specimen,

The Formation of 10-Acetoxy~3~oxoguai«4i-en-6112-olide

Lumisantonin (102 mg.) in scetie acid (5 ml.) was treated

|

with perchlorie acid (70%; 0.05 ml.) and the mixture allowed
to stand for 18 min. Isolation of the product was affeected
by extraeticn with chloroform followed by washing wf the
chloroform layer with sodium bicarbonate and then water, and
chromatography over siliea zel(4 g.) zave, on elution with (
benzene and erystallisastion from ethyl acetate~light
petroleum, the requirsd acetate, m.p. 1765-177° identieal in
every respect with an authentic semple prepared acaording to

4+he method of Caennizzero and Eabris%o

The Bemotion of Dihydrolumisantonin with Acetie¢ Acid
Dihydrolumisentonin (6) (200 mg.) in 45% aqueous aeetic acid
solutién (17 ml) was refluxed for 6 hr. (no further change in
rotation). Isélaﬁion of the product and chromstography over
silica gel (7 g.) gave, on elution with benzene end
erystallisamion’from chloroform-light petroleum, the ketone
(11), mep. 192-202° (decomp.), (€15 + 53° (g 0.93), Apax,

208 mi (& 1900) (Founds G, 72.35; H, 8.15; O-GHz, 17.03.
Oy5Hp05 Tequires C, 72.555 H, 8.1j O-OHy (for 3 G-CHy) 18.15%) .
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Elution ¢f the column with bensgerie-ether (4:1) and
erystallisation from chloroform-light petroleum gave the
hydroxy-ketone (12), m.p. 183-204° (decomp.), 1, + 106°
{6 1.00) {Pound: ¢, &7.35; H, 8.5. 0y 58300, requires
¢, 67.65; H, 8.35%).

The Reaction of Lumiéantanin with Hydrogen Bromide.-

Lumisantonin (100 mg.) in benzene (2 ml.) was treated with
hydrogen bromide in acetic acid (5 drops; 50% w/v.) and the
mixture allowed to stand for 5 min., After isolatioen by
extraction with chloroform and washing the chloroform layer
with bil-garbonate followed by water, the product was
erystallised from ethyl acetate~-light petroleum to give the
bromo-ketone (15), m.p. 111-114°, Wl - 150° (¢ 1.45) (Pound:
¢, 85.63 H, 6.25; Br, 24.2. 91531993 Br requires C, 55.88;
H, 5.88; Br, 24.4%).

Sponteneous Decomposition of the Bromo~Ketone (15).-

The bromo-ketone (150 mg.) was allowed to stand at room
temperature. It liqueflied after 2 days and on further keeping
(ca. 1 weok) crystallised. It was dissolved in chloreform,
washed with sodium blearbonate, then with water, and
chromatographed over silica gel (6 g.). Elution with benzene-
1ight petroleum (3:1) gave, after crystallisation from carbon
tetrachloride-1ight petroleum, the dienone (17) m.p. 128-130°,
() - 168° (g 1.62), Ymax, 220 mu {€ 10850) (Found: C, 72.95;
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H, 7.35; C-Me, 16.8. OC15Hyg0, requires C, 75.16; H, 7.35;
C-Me (for 3 C-Me), 18.3%).

The diencne (17) (46.7 mg.) in ethyl acetate (5 ml.)
was hydrogenated over palladised charcoal (5%; 32 mg.) when
2 mol. hydrogen was absorbed. Isolation of the product and
crystallisation from light petroleum gave the ketone (18)
m.p. 62-66°, W - 114° (¢ 1.16) (Found: ¢, 71.95; H, 8.56.
C1gH,,0, requires C, 71.95; H, 8.85%).

2275
Reaction of the Bromo-Ketone (15) with Pyridine.-

The bromo-ketone (300 mg.) in pyridine (15 ml.) was refluxed
for 6 hr. Isolation of the produet by extraction with
chloroform, washing the chloroform layer with dil. hydrochloric
acid followed by sodium bilcarbonate and then water and
chromatography over silica gel (12 g.) gave, after elution with
bengzene~light petroleum (1:1) and erystallisation from ethyl
acetate-light petroleum, the dienone (16), m.p. 181-183°,
{1y - 200° (o 0.74) (Found: C, 73.0; H, 6.8; C-CHg, 14.6.
C1pH, 405 requires C, 73.15; H, 7.35; C-CHz (for 3 €-CH3),18.5%).
Purther elution of the column with benzene gave
lumisantonin (5) identified by m.p., mixed m.p., rotation

{4

p* 165° (¢ 0.87) ) and infrared spectrum.
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QQRBE ?UTIOK OF PHOTOSANTGEIG AQIB

(For rﬁﬂt of the tormulae see Tablea 10 & iit;f“
" 81 ke % »
As hasaglggady heen mentioned, Eraneaaaoni ,ﬁw”;.
Seetin? and others, ieolated photoaantonic aaid 8s & “;ﬁ;

irradiation praduet of santonin., To this substance wag iﬁ;
gasigned the structure (1) on the following avidenee. “.__
Treaﬁment with aleoholic hydrochloric acid was stated te .

give a mixture of two sterecisomeric ‘dehydrophotoaanton@u‘

eeids’ 015H , Tepresented as (2). Both these a@ida ygg,

20%% ‘
sald to be converited into a third isomer, on heating qu"- o
the melting point. All these 'dehydro-acids' were remmd '
to afford the dimethyl-phthalide (3) on oxida’:\ion with
chromie scid, while distillation with barium hydroxide
resulted in the formation of 2:4 dlethykisopropyl benzene (4)
whieh likewise afforded (3), on chromic acid oxidation.
On distillation with soda lime (3) afforded acetone and
isophthalic acid (5), whilst 2:4:6 trinitro-1:3 diethylr :
banzene (6) resulted from the nitration of (4) The laxter
wes 8lso prepared by the nitration of 1:3 diethyl-bensene (7).
Photosantonie aeid (1) on heating with hydroiodic acid or .
tnaan inert atmosphere furnished pyrophotosantonie an;év:

0y 4800059 étated %o possess structure (8) which likewise
afforded (4) on distillation with barium hydroxide. By

werming st 100°C, photosantonic acid is stated to give the

corresponding lactone (9).
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It will be recalled that these deduotions were
neaesaarily based on the (ineerreei?} strusture 'pmpeds& oy
ssntonin st thet time. In sddition, the formation of the
pyfo-oompound'(s) is somewhat peculiar in that itvinvulvia='
the deéarbokylation of only one of the two carboxyl groups,
ﬁhbugh bbtk ha&e the same environment. Moreover, the evidence
¢ited above is ingufficient to furnish a conclusive proof
’for the formula (1) proposed for photosantonic acid. It
seamed, therafore, desirsble to reinvestigate the problem.

#s have found that the ethyl ester of “"photesantonio
aoid lactone® can, if so desired, be isclated as the main
photochemieal iransformation product of smntonin in ethanol
solution, in about 40% yield.

| Photosantonic scld, as stated before, was
‘originally assigned the composition 015H2205 and was shown
~ to be converted to the e¢orresponding laetone, on heating
at 100°0. We found that both photosentonic acid and its
ebrraspondihgviaotane are lactonic substances exhibiting
bahdé in the infrared spectrum at 1760 and 1777 emII
(¥Y-lactones) respectively. This implies that the me-called
ﬁhotosantonie acid is merely the hydrated form of the
“aorréspondihg lactone. This was found to be the case
beeause'“phntoaantonie gcid lactone"™ on erystallisetion from

a¢queous ethanol afforded the hydrated form whilst, on
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erystallisation from nonwaqueous solvents, the non-hydrated
form resulted. That thﬂ'hydraxy acld probably doas'ﬂﬁt‘iaaa
water to give the eorresponding lactone by warming 6£ 190a |
was subsequently supported by the ebservatién that ﬁhé corress
ponding hydroxy acid of photesantonin melted at 158»14950,
while the lactone 1tself melted at 67-89°C. |

~ Photosantonic gcld contains a carboxyl group, since
it is known to afford the corresponding methyl and ethyl esters,
the latter also known as photosantonin. In accord with thils
the acid showed infrared bands at 1720 (carboxyl C = 0) and
1650 emfl (double bond). The presence of a double bond in
photosantonic acid was also supported by its ultraviolet
absorption spectrum which hed a maximum at 210 m» (& ,6700).
Photosantonie acid had two C-methyl group in Kuhn-Roth
determination, whilst photosantonin contained three C-methyl
groups.

Photosantonin, on treatment with potassium carbonste,
affords the corresponding hydroxy-acid 61732605 which showed
bands in the infrared at 3240 (hydroxyl) 1730 (ester carbonyl)
and 1690 emTt (carboxyl sarbonyl). On attempted escetylation,
photosantonin was regenerated. Ozonolysis of both photesantonin
and its corresponding hydroxy-acid, afforded acetone, which
implies that the double bond in photosantonic acid ia present
inlan isopropylidene grouping.
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Phetaaantonia aaia on brwmination consumed ane S
lgg; of bromine, and affardad the aorrasponding bremaulﬁatana
61581964 Br which exhibited bands in the infrared at 177
(1’4la¢t0he) and 1730 em™+ { s;lactone) This‘estabiiﬁhéé'the'
ralative pasiti@na of the aarbcxyl group and the 1sopropylidana
grnup in phntosantanie acid. The bromo-lactone was atabla to
osane, but was reduced by zine dust and scetie acid back te the
starting acid. Photesmtonic acid, therefore, eontains‘ only
one double bond and henée'ﬁwé‘eaébaéyelié rings. Thefefoée'

partial expression (10) or (11) can be written for the bremau

1aut¢ne.
- X P P
g x o bid \(;_/
y o -uzc’&\
o> %= Ba (i x= BA QLS




L

-Ogg#réatman@vwihh.manép&rphthalia acid, photusantunie
JQQ;d affbrdeﬂs§he.aﬁvrﬁgpcnding hyﬁ”°x3‘dilaﬁ*¢ﬂ6,ﬁlsﬁgﬁﬁﬁ}ff
With consumption of ecne stom of oxygen. This showed bmag in

_tﬁej"finframd spectrum at 3480 __(tartiary hydroxyl: en .a._i:’*bgn‘pt:ad
‘aﬁatylation gave back starting iaateriélbl’?ﬁﬁ (¥ -lactens),end
1755 -1 (Slalacbone) ;Hence,ih@ éartial,expremaion-(iﬂ)l&?
(l:’:») can b@ aaaigned to the hydmxy-»dilmtcne On dehydmhim‘
with thidnyl ehloriﬁe anﬁ pyridins the 1atter was con&%@ﬁaﬂ
.1nta the covrasponding anhydro~d11aatone 01531894 W&ia hﬁd
1nfrared ‘bands at 1770 (\'—1actene), 1786 {3 ~lactcne), and
,1643 am"l (double bond), end did not give formaldehyde en
o&an&lysia..ﬂenes the bromo=.and the hydroxy-dilactones are
eorrectly represented by partial formulae (10) and (12)
respectively, when photosantonle acid iltself would possess the
partlal expression (14).

Now it has already been steted that the Italian
wuikmrs obtained the hydrocarbon (4) from photosantonie acid,
the atructure of which was well eatablished. This hydr@&gxbon
resulted by the stepwise decarboxylation of the 'dehydrophoto-
_sanﬁonic aclds' formulated by them as (2). However, stepwise
deoarboxylation implies some difference in the enviromment of
the two carboxyl groups, & fact better explained by the
alternative structure (18) for the tdehydro-acidst. The
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a@wraﬁtnass'ef'ﬁhéilaﬁtﬁrihas'baan'ﬁhﬂwﬁ'by'thﬂ.a&iﬁ calilyme
¢yeligation of the 'dehydro~scids! to the ecorresponding ¥ s’
in&anene (16) which axhibiteﬂ & brosd band in the infrared &t

1695-#& " (superimposed Senmembered dromatic ketone and'aarbamyi
group). 'In accord with this formulation it had & maximm in
thﬁVﬁltraviolet st 254 m# (€ ,8700) and furnished the correlﬁ
ponding methyl ester 2:4-dinitrophenylhydrazone, The relation-
ghip of the carbonyl group to the remaining carboxyl group in”:
(1€) was shown by its reduction with sodiunm borehydride, to

the édrresponding crystalline éleohé1\01532003 (17), which had
berds in the infraved at 3226 (hydroxyl) and 1718 em™* (earboxyl
geoup). This on heating afforded the corresponding olly
‘§+Yactone, OygHyigl,, (18), which showed infrared bands at

andt (22) respectively, when the corresponding hydrpxy-acid
of phobosantonin would have the formula (23).











































































