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Studies in the diterpenocid series, in recent years, have resulted
in the elucidation of the structures of a number of compounds containing a
furan ring and before discuzsing the stereochemistry of the Colombo root
bitter principles a brief review of thQ chenistry of the labdane group of
furan diterpeney bitter principles will be considered.
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dew of Furonoid Jiterpone Bitter Prineiples.

Andrographolide 3~3 020}%005, & bitter substance isolated from Andrographis
paniculata Nees, (1; & = H) slthouch not a furanoid compound is closely related
to dsniellio (IT)* and polyaltnic (III)° acids.

It has been shown that sadrosravholide (I; R = H) contains tnree
hydroxyl groups, a methylene zyoup =nd an + 2 = unsaturated ¥ - lactone
function. Seleniun dehydrogoneiion gave 1 ¢ 2 ¢ 5 ¢ 6 - tetrarethylnaphthalone
as would be expected frox a compound with = hydroxyl at 0(3) acxt to a bertiacy
gentre.

Androgra holide and its triacetate Cgﬁﬂss% (I; R = ';:ccxfz) on hydro-
204549 (1v; R = B ) and the
discetate C, 4“%06 (Iv: R = C(}C}&B) reepectively, showing that one of the hydroxyl

genation gave deoxytetrahylroandrograrholide €

groups is allylic to o double bond.8 then (I3 B = 09033) was treated with
aluminium amalgam an acetoxy group was eliminated siving (V a3 R = CﬂCH3). This
foraulation for tue Jesoxydiacetate was preferred but the alternative (V be

R= Cﬂcﬁj) was not excluded,

Oxidetion of (I; K= COCEﬁ) and (V a3 R = COCK3) gave the ketowacid
5 \'1 ) 1 - di - -

G20E50°7 (Vi; R = COCH,, R’ = H) wkich ylelded 1 : 5 - dimethyl ~ 2 - naphthol
on selenium dehydrogenation confirming the position of the originsl methylene
mupc

Andrograsholide on treatment with trityl chloride in pyridine followed
by chromium trioxide = pyridine oxidatinn gave & keto - anhydromonotrityl ether
Cagy 00, (VII). Acid hydrolysis of (VII) gave formaldehyde, by a retro - aldol
reaction proving the relationship between the two remeining hydroxyl groups.

The nvclear magnetic resonance spectyrum of andrographolide triacetate
(I; R = cocgj) confirmed the placing of the two tertiary C - methyl groups at
8(4) and 6(10) and favoured (VIII a) rather than Cava's original proposal (VIII b)



as the lactone system in the molacule.

The positive rotatory dispersion curves of (VI; R = COCH,, R = Cﬂj)
and the nor - ketone (IX; R = cm3). derived by periodate cleavage of the diol
obtained by treatment of andrographolide with osmium tetroxide, were given as
furthey proof of the 2 -~ decalone system and indleated that the 0(10) methyl
group and the side chain were « o
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Marrubiin, ceoﬁzs°4§ tga bitter principle of horehound (Marrubiin vulgare L.)
’ L d

has structure (X)

The presence of a lactone system, a tertiary hydrozyl group, an inext
oxygen function and two double bonds was established by conventional means."”z'
Purther spectroscoplc measurenents indicated that the two double bonds and the
inert oxygen function were wresent as a furan ring and that marrubiin had a

¥ - lactone system.
Vigorous hydrolysis of marrubiin vielded the dihydroxy-scid 02033005
(XI) and oxidation of this compound, with slkaline permangsnate, gave the

hydroxy lactone C17Hé605
absorption) in (XII) was shown not to involve the original carboxyl and hydroxyl

(XTI). The five membered lactone ring (infrared

and established the relative nositions of the hydroxyl group and the furan system
in marrubiin.

Dehydration of marrubiin, followed by ozonolysis gave the keto-lactone
eu%§3@nnwmwmmmmmtmnwmw—kammcm%§4wm)m
hydrolysis. HMild ozidation of (XIV) affurded the diksto acid €4 48000 (xv) which
on dehydrogenation with selenium dioxide gave the ene = dione 01431804 (xvI),

The ultraviolet and infrared spectra of these compounds were in egreement with
ths structure shown. The sbove experiments therefore establish tie relative
positions of the tertiary hydroxyl group and the lactonic hydroxyl group in the

molecules

The complete carbon skeleton and the absolute stereochemistry at 0(5)
and C in the molecule was established by conversion of the lactone (XII)
(10)
into an unsaturated acid which had been previously obtained from ambreinolide.

The ketone derived from (XII), on treatment with acetic anhydride end
sodium acetate, afforded the enol - lactone C‘7H2204 (XVII) which on hydrogenation
gave the scid (XVIII; R = COZH). osenmund reduction to the aldehyde (XVIII;

R = CHO) followed by Wolf=xi hmer reduction gave tie unsaturated acid (XIX) which
was identical with the product obtained from ambreinolido.‘4

Sinca/ .



Since the hyiroxy = keto acid (XIV) was stable to heat the carboxyl
group nust be attached to 8(4)a This is in agreement with the fact that
marrubic acid (XI) resisted esterification and wes decarboxylated on treatment
with hot sulphuric acid. As the lactone éystem in marrubiin is five membered
the lactonic hydroxyl must be located at 0(6) in the molecule and the tertiary
hyaroxyl st C(g)e Marrubiin is thercfore formulated as (X) the only uncertainty
being the position of substitution of the furan ring.

On the basis of molecular rotation differences and conformational

13

argunents Cocker ~ has deduced the complete stereochemistry of the molecule as

(xx) but his arguments, as discussed by Righym are in some ways questicnable,

Later, evidence for the formulation (X) was supplied by Castine and Wheeler' %,
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The comstitution and sterecchemistry of Clerodin, CZ 4H3 407. the
main bitter principle of the Indian bhat tree (Clercdendron infortunatum)

has been established by X~ray crysiullography ss (XXI a; R = R - CG&‘:H})IS

X . . s , 16
Early investigations of the compound were carried out by Danerjiee,
- 1 o - . .
Chaudhury aad Dutta 7 aud the following chewical dula, obtained by Barton and

19

18 B . . .
his colleagues, , supports the sssismed constitution.

Milé alkeline hydrolysis of clerodin (XXI a; R = R' = 00033) gave
deacetylelerodin Cyl O (0iZa; R = R' = H) reconverted into clerolin on
acetylation. Hydrogenation of clercdin and deacetylclerodin afforded the dihydro =

Bt B ) o N
2483607 (A4 b; K =R = bdux%) and c€0&3205 (X3Tpv; =R =1
respectively, the lacter furnishing (XXI b; R =R = {I:QC‘:%) on acetylatione

derivatives C

Reduction of clerodin and dihydro-clerodin with lithium aluminiuva
hydrit‘la gave the triols 02053?05 (XXII & R = R' = H) ond otz $xxzm;
R =R = H) which on acetylation gave the diacetates (XXIT a} R=R = COCES)
and (XXII b; R = R = COCH3) respectively. The remeining hydroxyl group in
these molecules could not be acylated easily and was stable to chromie acid
indicating that it wac tortiary. Its formation is ex»luined by cleavags of
an ethereal ring, & 1, 2 epoxide being most likely,

Deacetyldihydroclerodin (XXI b; R = R - H) and descetyltetrahydro=
cler din (XXII b3 R = R1 = H) on treatment with etiyl chiloroforaste in pyridine,
1 .
rbonat XXI b; R, B =C0) : 0. (xXII b
g&ve1 tire cyelic carbouuies cmajo% (xxI v; 3, £o) and €, 8% (i \;1 3
R, B = £0) vespecilvely. T2 infrawved carbonyl freguencies {1735 oms ') of these
compounds indiecated z six wembered ving, confirming that the acetate residuszs of

clerodin are altacued to a 1, 3 = glycol system.

Deacetyliihyiroclerodin (XXI b; R = R' = H) on trestment with toluene ~ D~
sulphonyl chloride in uyridine followed by chromic acid oxidation gave the ketone
cg,,H%o? S (XIII). Descetyltetrahydroclerodin (XXIIb; R = R! = H) with the sage
treatment afforded the unstablie ketone (XXIV) which, under the action of pild base,
furnished/



furnished, via (RXV), the diketone CoottsgOs (XXVI). This series of reactions
established ths reletionshipy between the 1, 3 -~ glycol systes aud the 1, 2
epoxide grouping in clerodin,

Clerodin wher disgolved in acetic acid gave the adduct 626H3809

(XXVII; R = I = RH C’)LI%) which on treatment w:e.th aq: ems acetic acid

afforded the hemi - scetal C C, 4}{3608 (ZXvITs o = u. = U)CH3 H = E) {the second
major compound from Clerodendron intortunatum) This hemi - acetsl was smoothly
oxidiced by ciromic ecid to the ) =~ lectone Cp,f Op (WWIIN R = &' = Coci,)

proving the presenice of o fivewmerdered vinyl ~ ether system in clerodine

The relstionship of the seventh oxygzen atom in clerodin to the vinyl
ather system was defined as f£.1lows. The Y = luctone (XXVIII; R = R = JCHB)
on treatment with ammonia furnished tive smide (XXIX; R = R = C'WHB) which on
dissolution in acetic acid at room temperature gave the ) - lactem (%3 R = R‘l =
GOCHE). The normal fate of the amide in scetic acid would have been reversion
to its lactonie progenitor and lsctamisation can only be explained if the 'alkyl'
oxygen of the ¥ - lactone (XxvIII; R = 31 = COCHs) has an ethereal oxygen attached
to it.
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Cascarilling €, 8,0, the bitter principle from ca.searilla berk {(Croton
eleuteria Schwartz) has structure (J(K&I; R=EH)T

The infrared and ultraviolet speotrxa established the presence of a
.carbonyl group end & fTuran ring end a pogitive hydrozamic acid test indicated
an ester grouping.

The compound did not give sn svomalovg Cotion curve zhowiny that the

esater was tne only carbony present in the molecule.

Hydwolyeis of cascerillin with agueous glkeli gave the hemi-acetsl
(XIXII) endhydrolysis with croholic alks1li the acetal (XXXIII; R = H). Acetic
acid wap also formed during hydrolysis estsblishing an zcetate residue in the
molecule.

Acetylation of cascarillin gave a triscetate (XXXI; R = O U!S, whose
infrared spectrum zhowed that a gem - dimetnyl group was absont in the molecule.
Acetylotion of {(X0XITI; B = §) gave the hyiroxy-acetate (XIXIII; R COCH,}) which
gave a naphthalene Asrivative on dehydrogenation.

The muclesr magnetic resonance snectrum and the mass spectrum of
cagscarillin were consistent with the presence of an sldehyde and 2 2 : 4 -
dinitrophenylhydrazone was cbtained,

Chromie acid oxidation of (XUZIT) gave (LXIY) with e ¥ = lactone and
& B -~ furyl ketone system establishing & 1 * 5 reletionship between the aldehyde
group and the sacetste snd the presence of g hydrvoxyl KX to the furan ringe Chromic
scid oxidation of cascarillin gave the compound (XX}W ). The yresence of a X
= lactone in this molecule established the relationship between the aldehyde and
the hydroxyl £ to the furan, These experiments also indicated that a tertiary
hydroxyl was present in the molecule.

?matment/



Treatment of cascarillin with acidified ethanol geve the c( 19)
pthyl ether vhich on hydrolysis and oxidation gave the diketone (XXXVI), which
vas not &2 B - diketone. The two gecondary hydroxyls in the molecule must
ocoupy positiors which do not bear a2 1 @ 3 relationahip to one ancthers



helevogin 39,40 » isolated from thelepogen slegans, has been shown by X - ray

methods (om the derived methiodide) to have the structure (XXXVII) and though

not a terpene it is related biogenetically {see page 106} o the compounds
described in this sectiom.

CH,O0H

XXXVl















Structure of Columbin,
Columbin, €80, the major bitter principle of Colombo root (Jatrorrhiza
palmata Miers) is a lactonic diterpenoid with structure (I} B = 7)%°,

The bitter principles of the Colombo root were extensively investigated
3I_22--2’? 28=3%

by tie achools of Vesse end Peint and by standard methods columbin

is somevwhat acidie, three double bonds and an inert oxygen function.

on treatment with mild alkeli columbin {normsl series) consumed 1 mole
of base to give isgcolumbin (iso scries) both of these compounds affording the
same scetste (I3 R = ftecr%) ond methyl ether (I; R = CHB) on trestment with
acetic anhydride « sodium scetate and alkaliue dimethyl sulphate respectively,
4 second ole of base is consumed on more vigorous alksaline trecatment but no
defined »roduct was isolated.

Complete hydrogenation of columbin (and isocolumbin) afforded an octahydro-
3o ded an A 3 - ivati i¢l
derivetive 02033006 (11I) and a hexshydro - derivative Contioe%s (1v), the former
was a monocarboxylic acid indicating that hydrogenolysis had cccurred during
hydrogenation,

A characteristic proverty of columbin, which disaypears on conversion
to dihydrocolumbin 6201{2 406 (11), is the loss of 1 mole of carbon dioxide on

melting furnishing deecsrboxyeolunbin € 0 4 (V) which has a keto - group

19722
(inf.‘rared, cyclohexanone) and no hydroxyl group (t‘nis_ compound is cbtained as a
mixture of K:3- and /3 1Y = unsaturated forms.). These facts suggest
the presence of a B ¥ - wmsaturated - K -~ hydroxy lactone in columbin
(1ectone A), This was confirmed by formation of the diene CoyHas05 (V1) on
decarboxylation of acetyligocolumbin (I5 R = COCH3) which had spectroscopic

properties consistent with its formulation.

The spectroscopic properties of columbin and its derivatives indicate
the presence of a fursn system which was confirmed as follows. Treatment of
dihydrocolumbin/
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dihydrocalumbin (11) with ozone gave the acid (11732207 (VIIt R = (362H)
snd the keto-acid G, -H. O (viz; B = cocazn). formation of the latter

proving that the fursn ring in columbin is /B substituteds

Hydrogenation of decarboxycolumbin (V) and dihydrodecarboxycolumbin (virz)
gave the octahydro - scid C, 9%04 (Ix) showing that lactone A is not involved
in hydrogenolysis. These experiments confirm that the alkyl oxygen atom of
one of the lactones (lactone C) in columbin must be attached allylically to the
furan system.

The formation of 1 ¢ 2 ¢ 5 trimethyluaschthalene on zinc dust distillation
of celumbinzg suprested an gyprropristely substituted bicyelic nucleus in the
molecule,

The compound (X3 R = CHS)' sbtained Trom octahydrodecarboxycolumbinic
acid (IX) by reaction with 1 mole of methyl magnesium iodide, on treatment with
lithium aluminium hydride followed by selenium dehydrogenation gave the same
naphthalene derivative,

The Wolf-Kishner reduction product (XI) of octahydrodecarboxycolumbinic
acid (IX) afforded on selenium dehydrogenstion 1 = methyl = 2 naphthoic acid, whose
carboxyl group {ixed the position of the carbonyl in lactone C at 0(8) in the
molecule,

Finally, selenium dehydrogenation of (%; B = H), obtained by acid
catalysed hydrogenation of (IX) gave 1, 5 = dimethyl = 2 = naphthoic acid.
The 5 - methyl group in the naphthalene nucleus mist have arisen during dehydro=-
genation by mijration of a tertiary methyl group to the position of attaciment
of the hydroxyl group. ‘This confirms that the lactone A carbonyl, aad tne tertiary
hydroxyl, in columbin must be attached to G( 4) with a tertiary methyl group at
the adjacent 0(5).

Kuhn - Roth oxidation of columbin indicated two C -« methyl groups and the

second/



gecond methyl group was placed at 0(9) since this explained the formation
of o ~ cregol on dehydrogenation better thsanm alternative with the methyl
group at 3(1 0)* _

On the above evidence columbin was formulated as (I3 R = H) and that
0(8) and not ﬁh p) WS involved in epimerisation during the columbin - iso-
columbin change was shown by the non~identity of the octahydrowacids derived
from decarboxyeolumbin and decarboxyisosolunbin T,
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As well as columbin, 020K2206' the Colombo root contains the bibtter priaciples
palmerin, chasmenthin and jateorin 020112097.

Palmarin has been isclated from the root extract only in small amounte
and can be readily purified but chasmsnthin, the second msjor bitter constituent
of the Colombo root, haz not been isolated in a sure statee TFor 4lils reason

2 -
esrly work on these compounds geve confused results’ ?AT = 33e

Remaining amounts of columbin can only be removed from chzemanthin by
decarboxylation and treatment of the purified product with mild alkall afforded
palmerin and a new bitter principle named isojateorine It was proposed that
1sojateorin was formed by isomerisation of jsteorim which occurred naturally in
admixture with chasmsnthin (the palmarin isolated from the root was probebly an
artefact arising during work up of the root extract). The relationship between
chasmanthin and palmarin end between jateorin and iggj-teorin was considered to
be similar to the columbin -~ jgocolumbin relztionship.

Isgjateorin, 02032207, was assigned the structure (X1I; & = H) as follows.
Isojateorin was reduced with lithium sluminium hyiride to the hemi-acetal (XIII)
which on periodate cleavage and mild alkaline hydrolysis afforded the trihydrozy =
ketone (XIV)., Treatment of the latter with toluene = p - sulphonyl chloride in
pyridine furnished an sahydro-monotolusne = p - sulyhonate (XV). This compound
was considered 1o arise from the inltially formed bis - toluene ~ p ~ sulphonate
by solvolysis to give & csrbonium ion oK to the furen ring, which then undergoes

intremolecular cyclisation with the neishbouring hydroxyl group.

Reduction of (XV) with chromous chlovide’! to (XvI) followed by hydrogenation
of the :8 =~ unsaturated ketone gave (XVI1). The same compound wae obtained
when dihydrojggcolumbin (II) was subjected to a similar reaction sequence (the
last two steps in this case were not required).

The/

20.
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Vhe relationship between igojateorin and palmarin wes established
by isolating the hydrogenation products of these compounds. Isejateorin and
palmarin, like columbin, afford acidic and neutral compounds on hydrogenstion
and it was found thet they gave the same hexalydro - compound (XVIII) but
different tetrahydro - compounds (XIX). This proves that isgjateorin and
igocolumbin (an& hence columbin) have + & same gt=reochemistry and palmarin

(and crasmanihin) tre anrocite atereochemistry at 0(19).

In sgreement with its structure palmarin was found to coutsin a furan
ring (iﬂfrared), two lactones and 2 tertiary hydrvoxyl. That the furem ring
was mono—-substituted followed from the igolation of trignorpalnmsrinic scid (xx)

on trestuent of palmarin with ozones

Reduction of tie trisnor - acid (XX) with litnium sluminium hydride
gave a hemiwscetal ((XI) which consumed 2 moles of veriodate to furnish the keto ~
formate (XXII) wita bands at 1710 (cyclohexsnone), 1730 and 1148 cm™! (formate)
in the intraved. Metiylpalasrin (XII; R = 0113) was oxidised with rotassium
permenganate to the dicarboxylic acid (XAIII), which furnished a five membered
anhydride, and trisnorpalmarinic acid (xX). These reactions srove that the side
chain in pslmsrin is the same as that in colmbin.

Dehydrogenation of hexahydropslmarinic acid (XVIII) with selenium afforded
1t £t 2 :5 < trimeth ) naphthalene and 1 : § = Jdimethyl = 2 =~ narhtheic acid and
Kuhp~Roth cxidation of palmarin gave two C - methyl groups. Formation of these
products indicate the same substitution of groups, in a bicyclic nucleus, as

columbin,

Some other festures of the valmarin molecule sre worth mentioning. The
high carbonyl frequency in the infrared of the ring A laetone (1775 cn.™ 1)
indicate a Y = rather than a & - lactone in the molecule but presumably the
strain factors in the 2 1 3 = epoxy = 1 t 4 = (boat) & = lactone are responsible
for/



for this abnormally high frequency. The epoxide ring in palmerin was not
sensitive to aecid or to lithium aluminium hydride and the mislesding sssumption
in early work on this compound was thalt this oxygen atom was part of a five ~
or alx ~ nembored ethereal ring.

T4 also should be atated that nuclesr magnieti¢ vesopance studies in
the pelmarin serics were found to be consistent with the formulation (XIX; R = H).
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(b) Minor Root Constituents,
a»  Discussion,

Extraction of the Colombo Root (Jatrorrhiss palmsta Miers) with ether and
subsequent concentration affords a crude solid fraction and ether residues.

The erude solil fraction is the source of columbin, pslmsrin, chasmanthin
end iscjateorin discussed in the wrevious section and attem-is were made, using
the technique of thin lsgyer chromstograrhy to deter.nine whether any winor compounds

of interest, perhaps relested to the main bitter principles, were also »resent.

Initial crystallisstion of the solid fraction from acetone - zlcohol
afforded three crops of crystalline material wnich were found to contain columbin,
isocolumbin, chasmanthin, polmerin, jaueorin and isojetecrin. These compounds
wore detceted by running the meterial obitazined by crystallisatica along with
anthentic specime s of columblm, isocolwnbin, chasmanthin (coutaining jateorin)
palmarin and isojateorin on chromastoplates. Fo indications of any ctiher compound

were found in the first three erystalline fractions (Figei).

The mother liguors, aiter the first three crops had been removed, on
chromatography on alumina (I1I) in benzene gave a seui~crystalline whick contained
three compounds {as judsed by three spots on a chromstoplate ¥ig.2) which had not
been previously detecied. I rther extensive chromstography and fractional
crystallisation resulted in the isolation of one of these comnounds in a nure states

This material was iscleted in tie form of pale yellow necdles mepe 221 = 30,
Dx],- 88° (pyridine} and the colour of this compound persisted after chromato-
graphy, charcoal treatment and sublimation.

The compound had bends in the infrared (nujol) at 1508 and 3150 oa.™t

sad at (CRCL,) 1750, 1712 and 1680 cm.™ which indicated furan and possibly lactone
and unsaturated carbonyl :ystems and the ultraviolet spectrum had bends a$ A max.
215 = 216 mu., (inflexion) & , 6950 and A\ max. 218 mu., £, 7090 which are
cunsistent/

6.



congistent with a furan and an (¢ P = wsaturated ketone in the molecules

By anslogy with the other Colombo root bitter prineiples the molecule could have
a lactone - furan system of the same type, the other functionsl groups being
ineorporated in 2 decalin nucleus. The nuclesr aagnetic revonance spectrum shows
bands at 3.52 T indicating a A substituted furan, 9.18 and 9.11 7 showing two
C « meth 1 groups, 8,01 and 7.96 T wosaibly due %o a methylene group sijacent to
a carbonyl system and .29 T wioich could avise from the oK proton in an oK 3 IS

~ ungaturated ketone systeme

Mass spectrnacosic measvrenents indleste a molecular weight of 328 -~ 330
for the molecule and as vet no molesular formula eonszistest with both this value
and € and H analysis has been obtsined. On the besls of the melecvlar weirht a
molecular formuls C, H O 28}, C. B 0. (32 = . P

a Cy 8,0 (328), €\ (8, O (526), C 48,0, (230) or C,H 0, (528)
seems to be indicated (assuming a cg C”O diterpene skeleton)., Hovever none of

these are within 1% C of the .ercentere ¢ found in the molecules

¥nile ebteapts were 3311l belop made to assign o meloceular formulas to

the melecule it was poticed tust L2 nujol spectrum of the new compound was
prectically identical to that of decsrboxyigoeolumbin but it was soon realised
that this was their only similarvity. Jecarbosyisocolumbin isn a colourless
compound m.p. 213 = 14°, (4], = 130° with & moleciler weight of 314

(0191[220 4), 12 = 16 less then the aeov compounds The analytical valuss for
decarboxyisocolunbin (¢, 72.6; H, 7.057) are not too close to those »f the new
compound. Further the two compounds separate on a chromatoplate. Decarboxyjigocolumbin
iteelf is imown to exist as a mixture of A 33 =and By - unsaturated forms
and gives two spots on a chromatoplate, the new compound gives only one spot on a
chromatoplate which does not correspond to either (though quite close to one of
them) of the decarboxyisocolumbin spotsse The ultraviolet spectrum of the compound,
mentioned esrlier, however does indicate an o 3 /B « unsatureted ketonein the

molecule,

The difference in molecular weight of tne two compounds suggestis a

difference of =~ CH,, = CH3 or = O in the moleculese & 2 t 3 epoxide (as in

2
palmarin/
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palmerin) cannot be accomsodated on the spectral evidence and to incorporate
an extra carbon atom is difficult on biogenetic grounds and particulariy having

regard to the similarity of the infrared spectrum to that of decarboxyisgcolumbin.

The situatior was not improved by comparing the hydrogenation products
of the two systems. Decarboxyisocolumbin and the new compound give, on hydro-
genation the dilydro « Coluounds tepe 215 = 2160 and 240 - 20 respeciivelys
Holeoular weight determiustions oo the compound wep. 240 ~ 20 asain guve &

. - - » e 7 N - © v ~ . - | -
molecular weight in tue region of J30 (cospered with 316 for dihydrodscarboxyiso-
columbin) end its infraced spectrum siowed differences to Liwmi of dihylrodecsyboxy-

isgeolwunbin though it was simdlar in the carbonyl rugiotie

Treatment of the original compound with wild alksli had no efiect, the
material being recovered unchanged, iu goow yield, suggueting (assuning a relatione

“ghip with columbin) tust we are dealing with the isg - series.

At the moment the marced similarity of the infrared spectra of the compound
and decarboxyigocolumbin makes it very difficult to accommodate functional groups,
other than those presect in decarboryisccolumbin, in the wolecule and suggests that
their structures must be very closely relsoteds ‘the difference in moleculer weisht
of the two syatems canuot be explained easily and no wortinehdle susgestion as to the
structure of this compouud can be nade at yreseut in view of the swell amount of

chemical data available and the fect that time did not peruit a fuller investigation.

The other two compounds, occurring with the material described sbove, were
isolated as a mixture mep. 210 = 15° end were nartially separ.ted inte components
mepe 200 - 70 and Meps 213 - 150. The infraved spectra of the two materials (nujol)
were similar to that of the compound described sbove, in particular they showed
furan absorption (1508 and 3150 cm.-1) and carbony) ebsorption at 1725 snd 1690 cm.
Ifeithér of the compounds, however, was isolsted in a pure state and further investig-

1

ation was not attenpted.
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b) Experimentel.

Ihin Layer Chromatosrsphy

(The method used wes that described by Stanl®')

A slurry of silica gel (30 gms.) (Merk Kieselgel G.) in water (15 ml.) was
spread evenly on glass rlates to give a lgyer of silica ga 0.25 mm. thick,

The silica was allowed to dry at room temperature overnight and the general

method of using the chromatoplates iz as follows.

A solution (405 =.01 ml.) of the materizl under investigation (1 mg.)
in solvent (0.5 ml.,) was dropped on the plate, as a single spot, about an inch
from one end and allowed to dry. The plate was placed in a container, in a
vertical position, with the end having the spot of material immersed in solvent
(usually benmene) to a depth of hall aa inche The plate was renoved from the
container, when the solvent front had rum up sbout 3/4 of its lemgth, and allowed
to dry at room temperature. Development was carried out by spraying the plate
with a solution of ceric sulphate (2 gms.) in sulphuric acid (6 N, 100 ml.) and
heating in an oven at ca 110% for about an hour. fihe material showed up on the
plate au a black spot and siesll amounts of secondary components in a mixture

could ve detected easily.

vestigation of the So Hoot Extr
The solid root extract (200 gms.)(supplied by Messrs. Stafford Allen, London and
obtaincd by extraction of the powdered Colombo root with ether and subsequent
concentration) was hested with acetone (2 1.) until it just refluxed. The 2 1.
level was merked on the flask and ethanol (1.4 1.) added in portions allowing the
2.5, 3, and 3.4 1. levels to be markeds The total volume was reduced to 3 1.
and ethanol (600 ml.) sdded. The volume was ugain reduced to 3 l. and ethanol
(1 1.) sdded, then reduced to 5.5 l. and ethanol (500 ml.) added. Standing at
room temperature gave a crop of solid material (45 ams.) I. A further crop of
material (47 cms. )1I was obtained by adding ethanol (%00 ml.), reducing the volume
to 3 1, and standing overnicht. The mother liquors on stsnding for about 1 week

geve a third crop of material (60 gms.) III,
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The solid material I wes mainly columbin but isocolumbin, chasmanthin,
palmarin, jateorinm, and isojateorin were detected on chromatoplates (Fig.l).

Fhe solid material II contained more chesmsnthin and pslmarin than
the previous but no unknown compounds were detected (Fig.t).

The material III was substantially isocolumbin but alsuo contained
the other known root constituents as ninor components as snown by the distribution

of spots on a chromatoplate (Fig.1).

After the third crop of solid material bad been rexoved the .iothex
liquors were evaporated in vegcuo giving & dbrown oil (ga 50 gmse)  This material
on chromatography on grade (117) alumina in benzene =fforded a semi-crystalline
fraction (2.3 gms.) which gave three snots on a chromatoplate, none of which
corresponded to the known Colombo root constituents (Fig.Z). The remainder of the
materisl on the column was eluted with ethyl scetete - methanosl and conteined a

mixture of the known root bitter nrincinles.

The semi-crystalline fraction on further chromstography and frzetional
crystallisation, using ethyjl acetate - petrol, gave o mixture of two compounds
Beps 210 = 15° and & cingle compound (300 mg.) mep. 221 = 3%, The mixture m.pe
210 - 15° was partially sepaerated by crystallisation from etihyl acetate - petrol
giving two components wnep. 200 - 7° and 213 = 150 with Y/ max. (nujol) 1508 and
3150 cm.~! (furan) and 1725 and 1690 em™l e single compound on further
erystallisation gave m.p. 222 = 3°, (], - 58° (¢, 1.2); Y max. (aujol)
1508 and 3150 cm.™! (furen) and 1675, 1695, 1725 and 1600 cm.” '3 Y max. (Gﬁcls)
1750, 1712 and 1680 cm.”'; )\ max. 215 - 216 mew. (inflexion) € , 6950 and

A mox. 218 B o € ,7090. (Found: €, T1.758 H, 6.7 Cp 1158 H, 673
C» T1.5; H, 6.6% and for sublimed material C, 72.05; H, 6.4%.) Mol. wt. found
328 = 330 (mass spectroscopic)e

Attempted/
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The compound (10 me.) was treated with N sodium hydroxide on the steam bath for
5 minutes. Acidification gave material (8 mg.) with identical infrered spectrum
to that of the starting material.

Hydrozenation of the Coupound me.p, 221 = 30,

The compound (50 mg.) in ethyl scetate ('Anslar', 10 ml.) waes hydrozenated over
1% pailladised charcoal until 1 mole of hydrogen had been abzorbed. The catalyst
was resoved by Tiltration throwgh kieselpubr snd eveporation of the ethyl ascetate
gave a solid residue (5 mg.). Tois materisl on eryetallisation twice from
ethyl acetate - petrol geve & compound {15 mz.) m.p. 234 - 6°, which showed two
spots on a chromatuplste one of then correspunding to the startins. material.

The material {15 mg;) was run on o tseme. silics plate, the band corresponding to
the starting materisl being remcved. Crystallisation of the moterial, obtained
by weshing the silica with ethyl acetate, gave the dihydro-compound (8 mg.) m.p.
240 - 2° \/ max. (nugol) 1675 and 1725 em,™! and 1508, 3150 em.™' (furan)

(Found: €, 70.,0; H, 6.15%) Nol.wt. found 330 - 2 {msss spectroscopic),
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2. The Stereochemistry of Columbin, Chasmanthin,
Jateorin and Palmarin,

(a) Discussion,

Previously published proposals concerning the stereochemistry of
columbin are scant and can be summarised as follows.

Barton and Eladzo have suggested that the columbin - jigocolumbin
change involves epimerisation of the hydrogen atom, o to the lactonic
4 who showed that
since octahydrodecarboxycolumbinic acid (IV) and octahydrodecarboxyigocolumbinio
acid (IV; 0(8) ok H) were different compounds epimerisation must involve C(B)

earbonyl group, at 0(8)' This has been confirmed by iylie

and not 0(12). Since trans fusion of two six membered rings is generally
thermodynamically more stable than cis fusion it seems likely that in eolumbin
(I; R = H) the B/C ring fusion is cis. Barton and #lad have further suggested
that (II) = (III) could represent the biogenetic derivation of columbin, a
scheme which might have stereochemical implications.

Gavaéz

and his colleagues have compared the optical rotstory
dispersion curves of octahyirodscarbozycolumbinic ncid (IV) and (+) = trans =
9 - methyldecalone (V) and becsuse of their similarity have postulated the
sbsolute stereochemistry of columbin as (VI), utilising the biogenetic proposal
of Barton end Elad, The lactone bridge in ring A was placed on the same side
of the molecule as the 18-methyl group to account for its resistance to
hydrolysis and the K {9=methyl group followed from the propcsed biogemtic
scheme., It is worth noting that this structure presupposes a precursor of
‘unnatural' stereochemistry, i.e. one having a 0(10) K methyl group,
Furthermore the comparison of the optical rotatory dispersion curves of (IV)
and (V) depend on columbin having an A/B trens fusion. It will be shown
that the A/B fusion in columbin is in fact cis and that the precursor has

the 'natural' configuration at 0(10).

Since/
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Since the structures of all the major bitter principles of the
Colombo root have now been established and related to columbin (see page 20)
the elucidation of the absolute stereochemistry of columbin is of importance
in completing the chemistry of this unusual group of diterpenoids. Its
solution in fact creates a problem of unususl biogonetic interest.

The problem presents itself in essentially two parts a) the nature
of the A/B ring fusion, the stereochemistry of the angulsr methyl groups and
the stereochemistry =t C( 12) b) the absolute stereochenistry of columbin
end will be deslt with in that order.

Initial experiments to establish the nature of the A/B ring fusion
were concerned with the ozomolysis of decarboxyacetylisocolumbin (VII1) in an
attempt to obtain the tricarboxylic acid (VIII). P K messurements on this
acid43’ 44 as well as thermel stability experiments45 on the derived anhydride
eould be expected to indicate whether the 1, 2 dicarboxylie acid system is
cis ¢r trans, However various methods of ogonolysis, work-up and treatment
of the product failed to yield the required acid, (see experimental page 80 .)

Efforts were then made to obtain a carbonyl function at 0(1) since
the stability of a 1 - Keto compound to base should throw light on the nature
of the A/B ring fusion,

As already mentioned the lactone attached to ring 4 is fairly
resistant to hydrolysis and one does not obtain a simple product of the
type (IX). Instead dihydroiggcolumbin (X) consumed two moles of base on
treatment with N sodium hydroxide to give dihydroiggcolumbinic acid
CooHng0y (X11) mep. 220 = 2°, [R]y + 21° in which an ether bridge had been
forned betwesn C () and O, 2)3"'.\ A similar compound wes obtained by
Vessely?® om hydrolysis of methylisgeolumbin, The compound (XII), in egroement
with the proposed structure, behaved as e diacid, had a tertiary hydroxyl group
and an inert oxygen function. It was oxidised by chromium trioxide in pyridine’®,
with loss of hydroxyl and one carbon stom, to the keto-acid C, H, O (XIII) m.p.

204 - 7°, ["(]m"' 16° presumsbly by a mechanism as shown. Since the two
carboxyls/ '
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carboxyls in (XII) must have arisen from the lactone carbonyls in
dihydroiggcolumbin it would appear that the inert oxygen function must be
related to the alkyl-oxygena of the originsl lactones and is best represented
a8 an ether linkage between C(t) and 0(1 2)* Dihydroiggcolumbinie acid (KII)
can arise from dihydroiggcolumbin (X) by & simple two stage mechaniam, One
mole of base is consumed and free rotation about the 0(9) - C(ﬁ) bond gives
(x1). The 6(12) hydroxyl is now in an ideal position for nucleophilic
displacement, at CU) » of the alkylwoxygen bond of the ring A lactone giving
dihydroisgcolumbinie scid (XII)s (See puge 73 for the bearing this reaction
has on the stereochenistry of the 0(19) methyl group.)

The first attempt to introduce 2 hydroxyl at C( 1) utilised this
compound. The ether function should undergo hydrogenolytic cleavage, becsuse
of its poaition with respect to the furan system, to give the compound (x1v).
However neither dihydroigocolumbinic acid (XII) nor its methyl ester on
hydrogenation with Adam's catzlyst in scetiec acid, or acetic acid with added
hydraschloric acid, gave the required producte 3.3 moles of hydrogen were
taken up readily, showing that hydrogenolysis had occurred but the products in
all cases were oils. They all showed incressed absorption in the 3500 cn !
region of the infrared,indicating hydroxyl formation,but attempts to purify

them vie their acetates or benzoates were unsuccessful.

By analogy with lactone hydrogenolysis,as for example in the case of
dihydrocolumbin, less than 3 moles of hydrogen should be taken up as some
formation of & tetrshydro-compound (XV), not allowing hydrogenolysis to take
plece, would be expecteds The fact that 3.3 moles of hydrogen were taken
up then suggests that some cleavage of the furan ring had occurred. The
hydrogenation of furan itself and 2 - methylfuran to give butanol and sec-amyl
alcohol respectively provide analogiea47.

Hydrogenation of columbin derivatives results in the formation of
the acidie and neutral compounds, formation of the acidic compound involving

hydrogenolysie/
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hydrogenolysis of lactone Ceo ‘The acidic hydrogenaztion products of columbim
and igocolumbin were n-x¥ considered as starting m-torizls in obteining e
garbonyl funciiou st G( 1)

Wesmlyas arn? his eolleamuuae describe the hydrogenation of eolunbin
and jggeclumbin with nalladium black in methenol. Iu the case of columbin they
reported the imolation of two esters (obtained from the acidic hylrogenstion
product after esteriricstion and c}aromatagmgaﬁy) (ﬁ) Mepe 124 = 1’51.50,

[o(]b - 18.6° and (8) mane < 80° Y_o(]n - , and a neutral mnlmmd
ep. 240°,  With isgeolusbin they obtained an ester mep. 120 = 138.5°, [«],
+ 48° but 2id not investi, ute the neutral fraction.

Gavam lzter peported obtaindag, in gjood yield, a crystalline gedd
Bape 158 = 60° by Lydrogenation of columbin snd dihydrocolumbin with 10%
palladised chaorcoal in methanol, Under aeilmilar conditions he obtained from
dgocolumbin an scid mep. 140 = 60°%  In neither case were the neutral nroducte
characterised.

Columbin (I3 R = H) mepe 195 = 6° whep hyirogenated in methenol with
105 pallaiised charcosl gave an oily scidic fraction which resisted all attents
at cerystellisation in spite of careful chromatograihy over silica gel. fi:e
erude aéid mixture was mothylsted and the oily ;roduet chromstogrs hed on
alumine (V) in bonzene, Sxtensive fractional eryetsllisation of the solid
matoriel from curowmsioprashy finally reeulted in the laclation of three mthyl
esters m.ps. () 97 - 6%, [«1,-25% (®) 129 - 131.5%,  [«], - 22
and (C) 176 = ‘75, [o(] - 18°, (s) an¢ (B) analysed for the sctahydro=
columbinic acid metmyx esters C, H, O (3v1z R = 6'8.5) and must be erimcrie at
C(y3) (of. Wmly) They hoth showed bands in the infrared at (C 1, )
1759 { & = lactone) and 1735 cm.” ! (egter). The third compound had banda at
{c €1, ) ATT5 and 1753 cm.”' and analyaeﬁ for mxabydmhmanthﬁ.nic acid methyl
ester cmxwav (xviIs R = CHy) (tieseely®! quotes meps 175 = 80°, (o], = 11.2°
for this compound.) The isolation of a chasmanthin derivative from the
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hydrogenation of columbin is not surprising in view of the difficuliy of
separating chasmanthin and columbin by crystallisstion. In fact adxtures

of chasmenthin and columbin can only be successfully separated by crystallisation
after the columbin has been decarboxylsted (see page 20).

The neutral hydrogenation product appeared also to be a mixture
(m.p. 245 - 560) but was not investigated at this stage.

Hydrolysis of the two octahydro-esters gave two isomeric ecids
3300 (xvi; R = H) (a) MePe 173 = 5 » [OGD- ‘520 (from ester mep. 93 = 60)
ami (B) m.p. 156 = 7 v [o(] - 259 (from ester mepe 129 = 131, 50)

Chroratograshy of dihydrocolumbin (X; ) J2 H) afforded (as
previously described by Cava loc.cit __) pure dihydrocolumbin m.p. 238 = 40
(e, + 6.7° and a second compound which, after isomerisation with I sodium
bydroxide, was identical with palmarin {m.p. and infrered spectrum)e The best
m.p. of dihydrocolumbin, obtained by crystsllisation (without chrom:atograph])ﬁd

wag 232 = 3°; this must contain a substantial amount of chasmenthin,

Hydrogenstion of pure dihydrocolumbin (X; C( ) B H) m.p. 238 - 40°
(\mder the seme conditions as used for columbin) gave an acid m.p. 160 - 3
)21 which on methylation, followed by chromatography, furnished the
esters slready described, the third compound derived from chasmanthin

(cf. Cava
two 021
being absents The neutrsel hydrogenation product afforded hexahydrocolumbin
020 8 6 0. (XVIII) m.p. 253 ~ 40, (], = 11° with no indication of a compound
isomeric at C(ﬂ).

Bydrogenation of iggeolumbin (I; R=H C(S) « H), again under the
same conditions, gave ootahydro;ggcolumbinm acid (XVI; R = H, 0(8) & H)
GZOK”O R.pe 185 = 7° ’ [o(] + 42° and small emounts of a second compound
identified, by comparison with an suthentic sample, as hexahydropalmarinic
acid (XVII; R = K, C(g) * H).

Bydrogenation of dihydroiggcolumbin (X) m.p. 236 « 7°,  [x], + 34°
gave/
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gave the acid mep. 105 = 76 and no trace of the palmarvim derivatives In both
these experiments no indication of a C( 13) epimer was found and ne expliznation
can reasonably be given for the formetion of only one acid in the 8 —~ isc series.
The neutral hydrogenation compound gave hexshydroisocolumbin c20H2806

(xviri; C(B) & H) m.p. 257 = 90. [-003{" 42.3° which wes also s single

substance as in the 8 - normel series,

Hexshydrocolumbin {ZVIII) on trestment with N sodium hydroxide
furnished hexahydroigoc-lumbin (XVIII; Cg) * H) showing that these compounds
have the same stereochemistry at 0(13).

It has been shown that treatment of an axial carboxyl group with
methoxide ion results in a change of configuration to the more stable equatorisl
carboxyl.%’49’50' It was hoped that this experiment would convert one of the
C(y3) epimeric norual esters (xvI; R = 053) into the isowester (KVI; R = Ch,
G(a) K H) (or vice~versa) thereby sstablishing their relationship. However, the
octahydrocolumbinic acid methyl esters (A) mep. 93 = 6°, (B) m.p. 128 = %°
and the octahydroigg = ester m.p. 136 =~ 8° were recoversd unchanged after 18
hours reflux with sodium methoxide (3%)in methenol.

With the pure octahydro-zcids in both the 8 -« normal and 8 - iso
seriea in hand, attem; ts were made to convert (X1X) into (XXIIX). The two normsl
octahydro-esters, described sbove, and the ester m.p. 138 - 400. [o(]b + 46°,
derived from the octahydroige - acid, were in turn trested with lithium aluminium
hydride. The products obiained, in all cases, were oils showing little or no
carbonyl sbsorption in the infraved and were formulated as (XX), by analogy with
a similar reaction in the palmarin series {see page 20 Jo Periodate oxidation51
of the crude reduction products cleaved the K = glycol system giving a
cyclohexanone st C(,) (XKI) as shown by & 1710 cm.” ' band in the infrared.
The oxidation products were again oils and attempts to characterise them via
their p - toluene sulphomyl derivatives failed, Alihough the infrared spectra

of all the sbove compounds indicated that reaction (XIX) to (XXI) had occurred

thie/
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Octahydroisocolumbinic acid

methyl ester (XVI; R = Cligy Crg) X H)

\/m&xo cm-d (C%]-})
1750( o = hydroxy = & ~ lactone)
1734 (ester)

Pihydroisocolumbinie aecid

| methyl ester (XII)

1724 (ester and hydroxy-ester)

Isolactone methyl eater

(o1 R = CH,)

1720 ( & - lactone and o - hydroxy-ester)

¢

\/ mex. eme™] {(c 1 4)

Octahydroisocolumbinic acid

methyl ester (XVI; R = CHB' C(B) & H)

1759 ( o = nydroxy = & = lactone)

1741 (ester)

Dihydroisecolumbinic acid

methyl ester (XII)

1737 (ester)
1721 { & = hydroxy - ester)

Isolactone methyl ester

(xvi; R = caz)

1745 { & = lactone)

1723 ( K = hydroxy - ester)
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this approach was not pursued because characterisation of the intermediztes
had proved mnsuvocessful.

The approach summarised in exsressions (XIX) to (¥XXIV) was next
emsidered since, now that formation of 2 1, 12 oxide is imvossible, the
lactone attached to ring A should hydrolyse under sufficiently vigorous
conditionsge

Octelydroisoeolunbinic acié (XVI; R = H, Cg) X H) on treatment with
N codium hydroxide for 4 hours (the coniitions which brought sbout the dihydroigo~
columbin (X) to dihydroigocolumbinic acid (XII) chacge) consumed 1.2 moles of base
indicating that partial hydrolysis had occurred. The product still had a 1760 om
band in the infrared showing survival of the ring & § = lactone gystemn,

1

Consequently to effect complete hydrolysis octahydroigocolumbinic scid was
subjected to more vigorous slkaline conditions., With 4 N sodium hydroxide for
4 hours under nitrogen 2 moles of base were consumed and a crystalline compound
was obtained in high yields This compound m.pe 240 - 2°, (], =47°
(subsequently referred to as the 'iso=lsctone!) titrated in the cold as a mono-acid
with an equivalent weight of 369 (ealc.366), on heating as a2 di=acid and was found
on analysis to be isomeric with the starting meterial CZGHBOOG' Comparison of
the infrared spectra of the two compounds (Pable I) showed that the ring A

§ = lactone system was absent in the product. The compound, Lowever, csznnot be
the expected dihydroxy - di-scid (XXIV) but must contain lactone end carboxyl
functions. Assuming that no deep-seated rearrangement of the carbon skeleton has
oecurred then either (XXV) or (XXVI; R = H) must represent the hydrolysis producte
The hydroxyl function was steble to acetic anhydride in pyridine at 100° favouring
structure (XXVI; R = H). In support of this a PK of 3.98 for the compound compares
with PK 4.05 for dihydroigocolumbinic acid (XII) and differs from PK 5.1 for
octahycroisgeolumbinic acid (XVI; R = H, 0(8)‘ o« H)., Moreover the infrared
spectrum of dihydroiggcolumbinic acid methyl ester has carbonyl bands comparable
with those of the iso-lactone mothyl ester (Table I)

In/
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In view of the importance of this compound in elucidating the
stereochemisiry of columbin experiments were conducted further to support
its structure,

The series (XiVI; R = H) to (X¥XX) wes first attzzpteds The actiom
of lithium eluminium hydride on the oily iso - lactone methyl ester
(XxvI; R = 033) furnished =n oily product (IXVII) whose carbonyl absorption
in the infrored wee very elisht. The crude compound was trasted with periodate
glving m ail (XXVITI) with e 1710 cma™! (cyclohexanone) bend but this could not
be isolated in a pure state. The appearsnce of carbonyl sbsorption does however

51

support the presence of sn o = :lycol in {XXVII) and hence sm o - hydroxy acid
in (XXVI; R = H),

The sodium salt of the iso ~ lactone (XKXIX) was obteined as a white
amorphous solid showing = bsnd in the infrared at 1580 cne™! (carboxylate anion)e
The action of chromium trioxide on this compound suspended in pyridine gave a
non-crystalline meterisl with sn intense 171C il (cyclohexanone) bend in the
infrareds The infrared spectrum of ths product on diazomethare treztwent showed
no hydroxyl absorption and therefore was probebly (s & = Cﬂj). £lthough agein
the spectral evidence indicated thet the resction sequences hed telen place as

expocted none of the products could be satisfactorily cheractericed.

By analogy with dihydroisocolumbinie acid (XII) oxidation of the iso -
lactone with chromium trioxide in pyridine geve the 0ily keto = lsctone 019E28®4
(XXXI) with bande in the infrared (CH 013) at 1741 ( & = lactone) and 1712 cm.~!
(cyclobexanone)s The same compound was obtained with chromium trioxide in scetoms
~ sulphuric acidsg and with lend dioxide in acetic scid (st reflﬂx)ss. The latter
wes shown z1s0 to oxidise dihydroisocolumbiric scid smoothly to (XIII) in zood
yield end in the case of the iso - lactone was the wost efficient of the methods
trisd, 411 attempts to obtain this ketone as a crystalline solid failed end it
did not form sn oxime, a 214 dinitrophenylhydrazone or condense with benzaldehyde
wnder the usual conditiona.54

Reduction/

45.



46.



v

XXXiH




Reduction of the ketone (‘-‘1 9}'{280 4 (E’:”.I) with sodium borohydride in
agqueous tetrahydmfumnss folloved by chromatography afforded in about 10%
yield the crystalline hydroxy =~ lactone 61 9&_,)004 (XXXII) mep. 174 -~ 50,

[0(]],4- 2()0 with infrared sbsorption at (CH 013) 1727 cm:‘ ( & = 1actone).
Some unchanged keto - lactone (XXXI) was obtained from the erude reaction product
along with material in which absence of carbonyl sbsorptiomn in the infrared
suggested attack of borohydrile on the lzcton: system. The method described
in the experimental scction reyresents the best of many attervts, using various
amounts of borohydride and reaction times, to improve on the yield of cryst-lline
reduction product (XXXII),

The hylroxy~lsctone (XXXII) was reoxidised with chromium trioxide in

scetic acid to give the kets - luctone (XXXI) (identicsl infrared soectrm).

Hydrolysis of the ieto - lactoae with 1.58 sodium hydroxide occurred
smoothly, 1 mole of base Leing consumed. After acidification, the hydroxy-acid
was extracted quickly into ether snd trested with ethereal dizzomethane giving
the hydvoxy - ester (XXXIII; R = H) as an oil, charscterised as the crystslline
acetate (XXXIII; R = CGC‘BB) mene 130 = 3°, (], + 74°,

Oxidation of the hyiroxy - ester (XXXIII; R = H) with chromiwm trioxide
in pyridine furnished the semiscrystailine diketone (XXXIV) which yielded, om
crystallisation fcllowed by chromatograghy of the mother liquors, two isomerie
fractions 02033005 (&) m.p. 130 = 140°, (], = 64° (B) mop. 116 = 20°,

[o(),~ 49° Those fractions mist preswnably be different miztures of the
6(10) epimers of (zxxIV). The crude nixture wes not converted to a single
compound on treatment with base indicating that an ecuilibrium mixture of cis
and trsns isomers was formed. The two frsctions had infrared sbrorption bands
(CHCIB) at 1740 (ester) snd 1710¢~" " {cyclohexsnone) and on dehydrogenstion with
selenium dioxide gave the ere-diones 32032805 (xv) (A) mep. ead100°,

(], = 69% A max. 22 mu , ( € 9,500) (from the dione mixture of |
B.p. ca. 135°) (B) an oil, A max. 230 mac ( € 9,000) (from the dione
mixture of m.p. ca. 120°) which were again mixtures. (See page 56 for a
discussion of the relative stabilities of cis and trans 10 - methyldecalones.)

7.
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The results of this series of experivents is in accordsuce with
the postulated structure (XXVI; R = H) for the iso-lactone and provide the
necessary further evidence for establishing its structure,

Attention was then turned to the hydrolysis of octahydrocolumbinic
ecid methylester (XVI) under the same conditions which had yielded the iso -
lactones The octahydrocolumbinic acid methyl ester m.p. 128 = 30° on treatment
with 4N sodium hyﬁmxide for 4 hours under nitrogen gave the Jdihydroxy = diacid

(xxxvz) 020 32 7 Mepe 186 = 80, [0(],)- 1"500, equivalent weight 195 (calculated

192). This Giacid was oxidised snoothly with chromium trioxide in acetone =
sulphuric acid to the dione Cygf 0. (LLVIII) mup. 218 - 2°, [}, +80°
which gave, widh seleniun dioxide, tie oue - dioue (XXKIZ) as an oil A max.
2'501117& ( € 9,200)s Eyirolysis of the b(13) epimeric octahydiroiggcolumbinie acid
methyl ester msps 99 = 6° aia no L ogive a sirgle compounds The infrared spoctrum
of the product showed carbonyl zbsurption charecteristic of ring A lactoce
indicating only partial hydrolysis and prolonged treatwent with elkali did not
afford the desired product, In view of fthe difficulties involved in preprring

the pure octahydro - esters in the nuormal zeries this reaction was not pursueds

The storeochemical implications of gll the above reactions will now
be discussed.

The formation of the iso-lactone, in high yield, under conditions
described makes it possible to reach & mumber of conclusions as to the
stereochemistry of the columbin molecule.

An exsmination of the model of & trens = fused decalin system (XL),
‘with both rings in the stable chair conformatiom, shows that no intramolecular
reaction could occur between a hydroxyl at c‘m end & carboxyl at 0(7). 1~
respective of the relative stercochemistries of these groups. Allowing then
for a conformational chsnge to a boat form in either or both rings ve find that
lactonisetion is agsin impossible; (XLI b) representing the situation with

closest/
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closest armroach of hydroxyl to cnrboxyl shnows serious methyl - carbexyl
intercetions. In any caese there is no convincing reason for either of the
rings adopting a boat conformation in the deealin 'systan formed oa hydrolysis of
ectahydrojgocolumbinic acid,

With a cis fusion of rings A and B the situation is somswhat different ,
two steble conformations, (XLIII a) steroid tyse and (XLITI b) nonesteroid type,
are then possible. It con be reedily seen thot only with the steroid erulormation
of (X0LII), with both bydroxyl und carhoxyl /5 ¢ is intramolecular formation of
a8 &= lactone (XLIV) possibles In view of the spontaneous formation of the iso =
lactone, (XLV) must represent the compound formed by hydrolysis of the ring A
lactone and (XILVI), or the emantiomer, tie situation in octahydroigecolurmbinie
ecid itself. It follows that in columhin the 4/B ring fusion must be cis
and the angular methyl group at C(B) mist be on the opposite side of the
molecule to the lactone bridge.

e fact that (XLVI) is 2 smicve orsten which will sive rise 4o the
iso-lasctone is confimed by the hydrolysis of octahvdrocolimbinie acid methyl
ester (XLVII). The chonge in confisurstion of the cerboxyl sroup stiached to
6(8) does not allow lactone formation to occur and the product, as expected, is
the dihydroxy-diacid (XLVIII).

The resctions involving the ico - lactone discussed esvlier will now

be dealt with in the light of the sbove stereochemical observations,

Hydrolysis of octaiydroigsgcolumbinic acid (XVI) results in the
epening of ring A lsctone and is followed by & cenlurmational change in both
rings to give the situation (XLIII a) permitting easy lactonisation to the
iso-lactone (XLIV), The ok = hydroxy acid s;y"stén formed in the hydrolysis
must be responsible for the steroid conformation being adoyteds This is shown
by the fact that in the keto - lactone (XLIX) hydrolysis gives an acidie compound
which does not immediately lactonise on standing in acid solutions (The acidic

material/
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(xiv) 1 : 3 (diaxial) nonebonded interactionss

Btervid Conformation

Hon=Stercid Conformation

Bumber Type Numbor Type
! Gy = Chy 2 Gy = Oy
1 CHS - COzﬂ 2 Gﬂs - COZH
5 C%-H 5 6‘113*-3
3 OH -H i OH - H
2 €08 - H 1 COH - H
2 OH mCH3 1 (Z*H--CH3
Difference ‘
1 Gﬂg-«(}ﬁ 1 Gy = Cly
2 OH «H 1 CH3~COZK
1 COH - B

33.




(L) and (31)

1 : 3% disxial unon~bonded interactions.

Steroid Conformation (LIt R = H) | NomeSteroid Conformation (L; R = H)

Bunber Type Number Type
S 2 o - oy
1 053 - CQZE
2 CF’ - (H 4 CH} - Ol
5 033 o 5 mB -H
1 C'GéB- B
1 H-R

Difference
1 CKB - Can 1 m3 - 553
i 03.5 -~ OR
{ 0023 - K
] OH -~ B

54.







L

iV

L\



materizl on standing in tetrashydrofuren with dilute hydrochloriec acid osve
41/‘,’5 unchanged hydroxy-acid after 6 hours.) In this cese the non-steroid
eonformation (I3 R = H) must be predominante

The 1 : 3 diaxial nonwbonded interactions occurring in the steroid
and non-gteroid conformations of (XLV), derived from octshydroigorolunbinic
acid, are listed in Table (II). Considerction of these docs suzgest that the
steroid conformation shiould be sreferred, In Teble{III) the interactions in
(L) and (LI) ere listed and in this cose indicate that the non~steroid
conformation (L) should be the more stsble,

Ozidation of the hydrolysis product of the keto luctone, after
methylation (L; R = 033) gives rise to 2 crystalline procuct (LII) which wes

found to be a mixture of C (10) enimers ab alveady deocrihed.

It is known that with ok decelone (LIII) the cis isomer is less

[~ .
stable than the trans by about 2.1 Cocals?? kquilibration of tue ¢is isomer
56

with base thercfore resulis in yuantitative conversion to the trans. Studies
by SOndheimerS? in the 10 - methiyl decslone scrios (m’v), a case more reicvant
to the present discussion, showed that at cguilibrium {voouzht sbout by base
treatment) a 40% cis to 60% trans mixture was obtaineds Tae compound (LV)

with a 1, 4 ene -~ dione gystem was found by qudwardsa to give a mixture of
0(5) epimers on tregtuent with sodium hydride in benzene but the comjound (1v1)
gave a quantitative yield of the *rons isoner on treatment with sodium hydroxide
in dioxan.59

Although a trans fusion of cyclohezane rings is the most siable in
‘the case of the simple decalin, the relative stabilities of cis and trans
decalones of different types must depend largely on non~bonded interactions
and the results are less readily predictables Since with cis & decalones two
conformations are possible, the situation can arise where there is little
difference in the relative stabilities of the trans and one of the cis conformers,

The/



(LIX) 1 : 3 Giaxisl non-londed intersctions.

Trans Isomer Cis Isomer (Steroid) Cis Isomer (Non=Stercid)
Rumber Type Rumber Type Fumbey Type
N T : - oy
3 033 -H 4 CH.), - H 4 CH3 - "
2 062653 - H 1 002633— H
1 002033- GH3
Difference
2 |y -m | 1| - | -,
1|60, 0H,y - CHy ! cd; - 8
1 0@2(733 -XK

57.




IVIT 1 ¢ 3 diaxial non-bonded interactions
Prans Isomer Cis Isomer (Steroid) Cis Isomer (Nom-Steroid)
Fumber Type Nunber Type Humbey Type
1 053 - GH3 1 033 - C:!!3 2 CHB - Gfi:,,
3 cn3 -H 5 CHB - H 4 (:113 - B
2 CQZH - R
Difference
- - 2 Me «H 1 0&5 - 63}13
| « R
2 GDRH - H

58.
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The dione mixture (LII) obtained from the keto — lactone {(ZLIX)
was not converted to & single compound on treatment with base showing that
the energy differences betvesr cis and trans forms must be small, Considerations
of the 1 t 3 diarial non-bended interasctions in the dione (LII), in the trens
and two eis forms (T4BLE TV), do suggest that the trans form is the more stable
and it should predominate in =an eguilibrium mixture,

The situction in the case of the dlene (TVIT), chtsineld frow the
dihydroxy-diacid { I{L‘JIII) in the nommal sories, is not clear. Fronm its sharp
meliing point (see nege 49 ) this oo sound appesred to be wnifom and it is
esgentiglly unaffected by boze treatment. The inference io thedt it existls
predominantly as one isomer but congideration of the 1 ¢ 3 inlcuyactions listed
in Table (V) indicetesth:t there should he little difference in stability
between trona and cis (steroid conformetion) typese Cousequently this compound,

in spite of its nsrrow melting renge, moy well be & mixture of isomerse

The stereochendistry of tire rest of the columbin wlecule will now be

gongidered with »orticulsre reference to the B/0 ring frgicn mi e confiuration

fugion in the iso-sorics is fran: w11l be surported

-

at 0(12). That ithe E/C rin
by the arguments which follow.

It was thousht that moleculsr rotation measurements would help to
establish the absoluts configuratiom at C( 12)°

Iﬂyne'sw modificatiom of the Iiw.uif:%ztnn61 lactone rule states that if

A [M]Dfor 1actone minus corresponding seid {or corresponding deoxyacid) is
positive the lactone is of the type (wvisx a), il uegative of {the enantiomerie
type (LVIII b). It seemed reasonsble that this rule sheuld hold when measure=
ments vere msde ot 2 lactone in neutral end basic solutions. (Ihis techmique
has been used by Bz~,=rton62 to predict the correct stereochemisiry at 0(6) in
he compoueds (iLIX &) and ( LIX b) derived from lumisentonin.) Tiis method
was applied to thc columbin system since ouly the ring € lactone should be
affected/

60.



N A
(M), Wiy alm],

Isocolumbin (I, R = H, c(ﬁ) ") + 160.5 + 411.5 - 250.9
Dihydroisocolumbin (X) + 61.0 + 935.8 - 874.4
Methyldihydroisocolumbin (X; OH = aca3)' + 241.9 + 257.4 - 15.5
Decarboxyacetylisocolumbin (VII) «1170.0 - 5313 - T65.T

‘ £
Hexahydroisocolumbin (XVIII, c(g) ) +120.6 | + 198 - TI.4
Hexshydrodecarboxyisocolumbin (LXXV) + 174 + 280 - 106

N NEUTRAL SoLvTioN

@ ALCALINE SOLLTION .

61.




M, My A,

Palmarin - 21,7 + 121 - 142.7

Isojateorin + 23.9 + T7.1 = 4342

Methylpalmarin + 150 + 257.5 - aT.5

Methylisojateorin + 166 + 212 - 46,0
Tetrahydropalmarin - 147 + 79 - 226
Iimonin + 3581 + 356 - 38

Guarigenyl - 3 B = iodoacetate » 5243 + T8.4 - 130.7
Swietenine + 350 + 358 - 8

N NEUTRAL SOLUTION

A ALKALINE SOLUTION .

6.




™My oM,

Octahydroisocolumbinic acid (XVI; R = H, °(a) X H) + 122

Hexahydroisocolumbin (XVIII; ‘0(8) & H) + 120

Octahydrocolumbinic acids I and II (XVI; R = H)

91.5, t15.2
+ 49.8, + 73.5

Hexahydrocolumbin (XVIII) - 4.7
Hexahydropalmerinic acid (XVII ; c(a) A H)* + 155.8

- 5.4
Tetrahydropalmarin + 60.4
Hexahydroisojateorinic acid (XVII; °(a)°( H)* + 155.8

+ 3
Tetrahydroisojateorin ‘ + 158.8

#(These are the same compound)
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affected with weak base. It was found (Teble VI) that all columbin
derivatives gave & negative A [M], when their rotations were compared
in neutral and basic media indicating a system of the type (LVIII b).
However when this method was applied to palmarin (Teble VII), which is
known to have the enantiomeric stereochemistry at G( 12) (see page 20),

it was found that the [M], oh E%tral and alksline solutione was
atill negative. This was alsc the case with isojateorin derivatives,
limonin, guarigenyl ~ 3 @ - iodo-acetate and swiotenine (Tsble VII).
These results show that the procedure of comparing the (_M]B of lactones
in neutral and basic solutions can lead to erroneocus conclugions and must
be used with care (see Sykora)és.

A more relizble application of the Budson - Klyme lactone rule is
to hand through use of the neutral and acidic hydrogenation producte of columbin.
This makes available pairs of compounde rclated as (IX &), (LX b) with the
proviso that they msy be epimeric at 0(1.5) .

The [M], values of the acidic and neutral hydrogenation products
of columbin, jgocolumbin palmarin and isojeteorin are listed in Table (VIII).
The A[M], values for the columbin and palmarin derivatives have opposite
pigns indicating, as shown by direct interrelation, opposite stereochemisiries
at 6(1 2)* In this case use was made of the Hudson - Klyne rule to assign
sbsolute configurations at 0(12) in palmarin and columbin, The positive

A(M]y in the case of columbin shows that lactone C is of the type

(LVIIX a); the negative A [M], in the case of pelmarin showe that lactone C
is of the enantiomeric type (LVIII b). The sign of the A (M]p values in the
case of the jgocolumbin and igojeteorin deivatives is not really certain as
the small difference in [MJ ,values between the acidic and neutral hydrogenation

products is within the limits of experimentsl error.

Bm.& by considering the various rotation rules of Hudson.61

Klyne and Stokes 65 and mns,“ has proposed that with the systems (IXI)

and/
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Palmarin + 12
Isojateorin + 35
Mathylpalmarin + 42
MethylisoJateorin + 58
Tetrahydropelmarin + 16
Tetrahydroisojateorin +3
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\/ MEKe CM

CHBl,j CCL 4
Columbin ¥ 3 1753 1762
. ¢ 1731 1743
Tsoocolumbin A+ C 1755 1765
Dihydrocolumbin A 1752 -
c 1731 -
Dihydroisccolumbin A+ C 1754 —
Decarboxyeolumbin c 1733 174
- D 1713 117
Decarboxyisocolumbin c 1748 1761
’ b 1712 1717
Octsahydroisocolumbinic acid methyl ester A 1750 1759
ester 1754 17414
Octahydrocolumbinic acid methyl ester A — 1759
1 ester — 17155
II A - 1759
ester — 1735
Dibydrodecarboxyisocolumbin H 1748 1763
D 1704 1711

(A= ring A S = lactone, 0 =ring ¢ § = lactone, D = cyolohexanone)

TABIE  Xa

67.




-1

\{ HaXe O

CHﬂla ca 4
a ‘ - '
- | = | es
b
~ V765
oc
c
a —_— 1759
ocC
Methylpalmarin A 1778 -
¢ 1741 -
Acetylpalmarin A 179 -
Cc [1756 -
Hexshydropalmarinic acid methyl ester A [1TT6 -
ester 1732 -
Tetrahydromethylpalmarin v A (1778 -
C 1743 -

(A=ring &4 = lactons, and C =ringC « lactone)
mABLE X1

6%.



and (LXII) the former will be more dextrarotatory. He found that this rule
was of general application in the sugar and steroid.field and used it success-
fully to predict the absolute configuration of a number of naturally occurring
eompounds.

Apﬁlicatian of the Bose rule to palmarin and igojateorin (Teble IX)
derivatives lead to the same conclusions as above namely a lactone of the type
(LVIII a) in columbin and igojoteorin and of the type (LVIII b) in palmarine

In Table (X) the carbonyl frequencies in the infrarved spectra of
various columbin and igocolumbin derivatives are listede It can be seen that
in all cascs a change from the normal to the iso-series is accompanied by an
upwards shift in frequency of the band associated with the ring C lactone,

This is most noticeable in the decarboxy compounds and the shift is usually
of the arder of 15 = 20 wave numbers. The carbonyl frequencies of the ring A
o = hydroxy boat & = lactones in columbin derivetives are abnormslly high
for &-lactones (Toble X) presumsbly because of the strained nature of the
lactone system. In the palmarin series the additional strain in ring A,
induced by the presence of the 2, 3 - epoxide, is probably resporsible for
this abnormelly high frequency being exaggerated (T=ble Xl) even further,
The compounds (a), (b) and (¢) in Table (X1) also show abnormelly high cerbonyl
frequencies for a §- lactone and this could be due to the fact that the lactone
i8 fized in a boat conformation. The high frequency bands in columbin
derivatives could also be explained by the fixed boat conformation of the
ring A lactone and it seems reasonable to state that the columbin —
Aisocolumbin change involves change from a normal chair & = lactone
(1731 e”Mcm c1), 1743 en.™ (¢ 01,) ) to @ boat & - lactone (1755 cn.”
(o ¢1,), 1765 m.™" (c C1)).

The partial stercochemistry (LXIII), or the enantiomer, has beenm
deduced for columbin from the chemistry of the iso - lactone (XXVI; R = H).

n/
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In order to accomnodate what has been deduced concerning the stereochemistry at
G(,g) and the nature of the columbin = jsocolumbin change, the argument which
follows will show that columbin must have the gbgolute etereochemistry (LXIV)
and iggeolumbin the gbgolute stereochemistry (LXV).

The 19 - methyl group is placed on the side of the molecule opnogite
the 18 - methyl group since this readily permiis the nucleophilic displacement
at C( 1) occurring in the change from dihydroisocolumbin (X) to dihydroigocolumbinie
acid (XII), represented in three dimeasions by (LXVI) to (IXVII)s The columbin -
isocolumbin change then becomes a change from a cis = to a trans - fused lactone,
gince the C (8) hydrogen atom inm ipocolumbin has been shown to have the same
configuration as the 18 - methyl group. In order that the columbin - iggcolumbin
change will also involve change from a chair to a boat &-lactone the c( 12)
hydrogen atom must be on the side of the molecile opposite the 19=methy}l group.
(since the driving force in this change is the necessity for the bulky furan
substituent adeopting the equatoriazl configuration in both cases,) From these
considerations (LXIV) or the enantiomer must represent the columbin molecule,
The absolute stereochemistry at C( 12) has been shown to be (LVIII s) and it
follows that the columbin molecule is (LXIV). Besring in mind the relationships
of columbin to the other Colombo root bitter rrinciples (see vage 20), jateorin,
igojateorin, chasmanthin snd palberin arve shown as (LXVIII), (LXIX), (LXX) and
(LXXI) respectively. The oxide ring in these compounds if situated on the same
gide of the molecule as the ring A lactone would best explain the resistance

of the epoxide to normal cleaving reagents (see rage 20)e

The work of Djerasai,67 Klfynoaa and their colleagues have shown that
optical rotatory dispersion curves can be used to assign the absolute stereso=
chemistry of a ketone, provided that a reference compound of known absolute
stereochemistry, having its carbonyl group in a similar stereochemical
envivonment ie available. It was decided to use this approach to support the

conclusiona/
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conclusions presented above, The optical rotatory dispersion curves of the
keto - lactone (LXXII), the derived scetate (LXXIII), octszhydrodecarboxyigo~
columbinic acid (LXXIV) and hexahydrodecarboxyiggcolumbin (LXXV) in methanol
are reproduced in Fig.X, Since these compounds all have cis A/B ring fusions
the best reference compounds would be found in the 513 - gteroid and the
cis - decalone series.

The optical rotatory dispersion curves of the decalones (LKXVII)?9
(LKXVIII)7° and (LXXIX)71’gre reproduced in Fig. II and it is obvious from
these that the position of the carbonyl group, relstive to the angulsr methyl
group, has & marked effect on the nature of the curve. It is essentizl then
that the carbonyl - methyl relationship in the xeference compound should be
the same as that in the columbin derivative._ Since the carbonyl group is at
0(4), adjacent to the angular methyl group, in all the columbin compounds
whose curves were measured, the 1 - keto = 5 B-steroid (LXXVI)72 and the
decalone (LXXIX) were used as reference compoundse

Another factor of importsnce when deeling with cis - fused systems is
the preferred conformation of the molecule. In the steroid series this presents
no problem, since the molecule can only exist in one conformation, but in
simple decalones two stable conformetions sre nossible. It can be seen in
Fig. II that the curves of the steroid (LXXVI) and the decalone (LXXIX) have
opposite sign although the compounds have the same absolute stereochemistry.
FProm this it must be inferred that the decalone (IXXIX) exists in the non~stercidel
conformation,

The keto - lactone (LXXII) and hexahyirodecarboxyisgeolumbin (LXXV)
are fixed in the steroid and non-steroid conformatiors respectively and this
conformationsl difference is reflected in their optical rotatory dispersion
curves having opposite sign. The compounds (LXXIII) and (IXXIV) judged by their
Cotton curves must belong to the non-steroid series,

Sineq/
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Since the keto-lsctone (LXXII) has a Cotton curve similsy in shape
and sign to that of the steroid model (LXXVI) this indicates the same absolute
stereochemistry for these compounds. This is supported by the fact that the
curves of the non-steroid compounds (IXXIII), (LXXIV) end (ILXXV) are similar in
shepe and sign to that of the nonesteroid model (LXXIX). It follows therefore
that in these columbin derivatives the 0(1 8) methyl group must be o «

The evidence derived from two distincet approaches then leads to the sbsolute
stereochemistry of columbin as depicted in (LXIV).
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(v) Experimentale

M.peg. were determined on the Kofler block and analysis was carried out on
specimens dried jn vacug at room temperature overnight. Observed and calculoted
values are expressed to the nearest 0.05%.

Infrared spectra were teken with the Unicam S.P.100 double beam spectro-
photometer in chloroform or carbon tetrachloride solutions unless otherwise stated.
Nujol mull spectra were taken with the Infracord spectiophotometer.

iltraviolet spectrs were neasured in sbsolute ethanol solution with the

Undcam &.P. 500 spectrophotometer,

Chromatographic alumina was prepared and standariised according to
BmckmannTG and solvents used were thoroughly dried. Light petroleum of B.p.

60 - 80° was used in all procedures.

Separation into acidic and noutral fractions was effected by dissolving
the materiasl in ether or methylene chloride and extracting with agueous sodium
bicarbonate.

measurenents were made pyridine solution at room temperature
o > t de in idi luti t t tur
using the sodium D line unless otherwise stateds

(M), measurements in Table (VI) were determined in acetone - ethanol
(VsV; 1:1) solutions and in 1% sodium hydroxide solutions of the same solvent

at room temperature.

[M), measurements in table (VII) were determined in dioxan-water
(v s v; 70 s+ 30) solutions and in 1% potassiwm hydroxide solutions of the same
solvent at room temperature. The sodium D line was used in all cases.

P.K. measurements were done in aquecus tetrahydrofuran solutions.

19.



Isocolusbin (Ij & = H, Cg) ok 1)%2

Columbin (10 gms., m.p. 185° dec.), in ethanol (100 ml.) and N sodium
hydroxide (70 ml.), wee heated on the steam bath until solution was complete
(ca 10 mins.). The hot alkaline solution was acidified (N hydrochloric acid)
and, efter cooling gave materisl (8.3 gms.) m.p. 176 - 84° dec. Recrystallisation
from aqueous ethanol afforded isocolumbin (I; R = H, c( y & H) (6.4 gms.)
as needles m.p. 185 « 7° dec., (e, + T7° (C, 1.6)e

Acetylisocolunbin (I; R = COCH, C(gy o B)°°u

Zsocolumbin (6 gns., mep. 185 = 7° dec.), acetic anhyiride (280 ml.) and sodium
acetate (23.5 gus.) were heated on an vil bath at 145° for 2.1/4 hours. Ca
cooling the excess sodium acetate was removed by [iltration end the mother liquors
poured into ice water (1400 mle)e The precipitate was filiered of f and extracted
with a little ethanol. The residue was crysatallised from acetone -~ alcohol
giving acetylisocolumbin (I; R = GOCHg, C(gy X H) (4.7 gms.) as needles mp.

228 - 99 dec., (X + 25,

arboxyacetylisocol v11)32

Acetylisocolumbin (4.6 ems., mep. 228 = 9° dec.), was heated at 225 = 30° in a
nitrogen atmosphere until gas evolution ceased (gg 20 minutes). The resulting
glaasy solid waee extracted with cold benzene giving, after evaporation and

crystallisstion from squeous ethanol, decarboxyscetylisocolumbin (VIX) (3.6 gms.)

as prisms m.p. 165 - 6°, (4], = 320°, A\ max. 272m . (£ 7,010),

Decarboxyacetyliggeolumbin (500 mg) in methylene chloride (150 ml.) was treated
with ogone at - 60° {acetone = solid carbon dioxide) until the solution was
transparent in the ultraviolet. The solution was concentrated in vacuo (ca 10 ml.),
water {5 ml.) added and the mixture warmed on the steam bath. The aqueous solution

on/
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on extraction with ethyl scetate gave an amorphous solid residue (340 mg.)
which could not be crystallised,

Ozonolysis was repeated in (a) ethyl acetate at -60° and the ozonide decomposed
with 30% hydrogen peroszide, (b) ethyl acetate = scetic acid at -—60°.
decomposition with 30% hydrogen peroxide, (C) etiylacetate ~ scetic acid at 0°,
decomposition with 90% formic acid = 304 hydrogen peroxide and (d) ethyl acetate
- chtic acid at -600, decomposition with -90% formic acid = 30,5 hydrogen peroxide.
In 211 ceses s0lid wsterial was obtalned but this was not obtained crysislline
despite chromatogrephy on silica gel,

Dikydrod Lumbi (X)JO'

L@;Q_col'imbin (6 Shifey Mepe 135 = 7° lece) in eilyl scetate (250 ml.) was
nydrogenated over freshly prepored 1% palladivm - calcimm cerbonate catalys
(1.5 gmae} until 1 mole of hydrogen had been absorbed {ga 30 minse)e 'Uhe catelyst
wag rewoved by filtration through kieselgunr and the solvent evaporated in vacuo.

Recrystallisation of the residue from aguecus ethenel gzave dihydroisocolunbin (X)
(4.7 gus.) as large needles mep. 234 - 6°, (_o(]h-i- 74° (¢, 1.8)e Tvree further
erystallisations raised the mep. to 2%6 - 7°.

Dihydroisocolumbinic Acid (X;I)M,
Dihy¥reigocolumbin (2 2ms.y mame 234 = 6°) was suspended in ¥ sodium hydroxide

(60 ml.) and heated at 95° (steam bath) for 4 hours, under a vigorous nitrogen
stream. Solution was complete after sbout 10 minutes. Acidification and ether

N

extraction followed by separation of the product into acidic and neutral fractions,

gave in the latter unchanged dihydroisgcolumbin (gg 70 mg.). The acidic fraction
| ; cerystallised from acetone~bengzene as stout prisma

(740 mg.) mep. 219 - 22°, [+ 23° (c, 2.1), PK 4,05, Further crystallisation
o
gave a m.p., of 222 - 37,
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Methylation of Pihydroisocolumbinic fcid (XII)

Dihyargeocolumbinic acid (690 mg.) in ether (240 ml.) was treated at room
tenverature Tor 4 hours with s excess of etliereal d.iazomethane?“ The aolvent
wae removed in vacuo and the residue, erystallised from acetone - petrol, guve
the methyl ester as prisms m.p. 119 - 21°, (], + 46, (¢, 2.4) (roumd s C, 65.2;
Co 7.5. C,, c? regaires C, 65.0° H, 7.5%) \/ mex. (nujol) 1750 (sster),
1?2‘5(0( hydroxy»eater) and 3550 cm. (tertiary hydroxyll, Y max ((‘IXCI )

1724 cnm. (ester and o - hydroxy-ester) and V max. (C Cl ) 1737 (euter).

1721 cm. ~1 { & - hydroxy-ester).

Bydrogsnation of Dihydroisccolumbinic Aeid (XTI

a) Dibydroiggeolumbinic acid (25 mg.) in “inalar” scotic acid (5 ml.) was
hydrogenated over pregaturated Adaw's cstalyst (20 wge)y 2.9 moles of Lylrogen
being takem wp in 35 uinutes. “he cotslyst was removed by filtration and the
acetic acid evaporated ig veagug i~ 'ino a glegay 1 esiziue (25 mg.)e The crude
meterial showed strong hydrozyl sheorpiion (3500 om. ) in the 1nfrared but could

not bz crystellised,

b) Dihydroisgeolumbinic acid (25 mg.) in “Analar® acetic scid (5 ml.) with 0.5%

19 ¥ kydrochloric acid was hydrogenated as above, but the reaction stopped efter

{ mole of hydrogen had been taken up. ‘he oily product showed mno incresse in
hydroxyl absorption and could not be crystalliseds

e) 4s in (v) ahove but with complete hydrozenation (3.3 moles of hydrogen taken
up). The oily product had strong hydroxyl (3500 cm.") abgorption in the infrared.
Attempts to purify this material by acetylation (acetyl chloride im pyridine at

room temperature overnight) ‘or benzqtation (benzoyl chloride in pyridine at room
temperature ovemigh‘c) failed to produce crystalline materiel despite chromatographye.

Hydrogenation of Dihydroisocolumbinic Acid Methyl Esters
The methyl ester (225 mg.) in "inalar" acetic acid (40 ml.) with 1% 10 N hydro=-
chloric acid was hydrogenated over presaturated Aam's catalyst, 3.3 moles of

hydrogén
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hydrogrbeing shsorbed. The nroduct (209 mg.) could not be crystallised snd
attempted purification by acetylation and benzoylation (as sbove) failede

Dihydrocolubin (X5 Crg) A m)Z

8) Columbin (2.4 gme; m.p. 193 « 6° dec., (X1, + 38°) was hydrogenated by
the method deseribed for jsocclumbin. EHecrystallisation of the crude product
from agueous ethancl gsve dihydrocoiumbin (X; Cg) B H. (1.6 zms.) as
large nsedles m.p. 252 = 4, [(xJp + 4.3° (C, 3.7)e '

b) Columbin (1.3 zms; m.p. 189 = 92° dec., [X], + %6°) was hyirogenated as
above, The crude nroduct, in methylene chloride, was chromztogsraphed on grade IIX
alumine when most of the material was recovered on elution with methylene chloride =
ether (7 t 3). Recrystallisation from metbylene chloride = petrol geve
dihydrocolumbin (X; C(yy & H) (750 me.) es needles mp. 238 - 40%, (], + 6.7°
(¢, 3.8). |

The romainder of the material (103 mg.) wae eluted with methenol snd

after isomerisation (see isgcolmnbin) with ¥ soddun hylroxide gave, from methylens
chloride = vetrol, palmarin (40 mg.) ae nrisms m.p. 253 - 5% with an infrored

AR

spectrum identical to that of an authentic sample.

Hydrogenstion of Columbin (I; R = g)‘?‘
Columbin (2.1 guse, mepe 193 = 6° dece,  [(A], + 38°) in methanol (180 ml.) ves
hydrogenated over 10% palladised charcoal (1.2 gms.). After 1 hour hydrogen
upteke ceased, 3.8 moles having been consumed. The solution was filtered through
kieselguhy, evaporated to small volume and the residue separated into acidic ~nd
‘neutyral fractions.

The acidie fraction (1.6 gms.) wes & strav coloured glass and could not
be crystallised despite chromstography on silica gel. This material (750 mg.) in

methanol (10 ml), was treated with an excess of ethereal diazomethane giving an
oily methyl ester. The ester, in benzene, was chromatographed on grade V alumina
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and fractional crystallisation, using ether - petrol, of the resulting solid
material geve (a) two octahydrocolumbinie acid methyl esters (XVI; R = CH'z)

(1) 60 mg. as rods and prisms m.p. 93 - 6°, [K], = 25° (¢, 1.0 0!1013).

\/ max. (0c1,) 1759 ( &-lactons) and 1735 cm.™! (ester) (Found: C,66.453

H, 8.T5. 3153 requires C, 66.4; H, 8.5%). (i1) 190 mg. as plates m.p.

129 - 131, ) (2], = 22° (¢, 1.0 CHOL,), v/ Mex. (cc1,) 1759 ( &- 1actone)

and 1735 em. (ester) (Founds C, 66. 2. H, 8.65. 21H3 requires C, 66.4}

H, 8.5%) (b) hexahydrochasmenthinic acid methyl ester (xvm R= caj) (60 ng.)

as needles m.p. 176 = 79, [K], = 18° (C, 1.4), \/ max. (CCl ) 1713 ( 6 -1actone),
1753 cm.~' (ester) (Found: C, 64.1; H, 7.71. C Oq requires C, 63.95; H, 7.65%)

31

(Weseely quotes m.p. 175 = 80°%,  [oX], = 11.2° for this compound)

The nentral fraction (22~ mg.) had m.p. 245 - 56° but was not investigated
further,

Hydrogenation of Dihydrocoluwbin (X3 Crgy B B)°'

Dihydrocolumbin (750 mg., mep. 238 = 407 [y + 6.7°) in methanol (100 ml) was
hydrogenated over 10% palladised charcoel (400 mz.) until hydrogen upteke had ceased
(35 mins. gg 2.8 moles consumed). The solution was treated as above giving acidic
(680 mg.) and neutral (42 mg.) material,

The acidic material on crystallisation from etnhyl acetzte-petrol gave
an acid m.p. 161=3%(cf. Cava). This materizl on treatment with ethoreal diazomethene
followed by chrometography on grade V slumina in benzene afforded the two octahydro-
coluzbinic acid methyl esters m.ps. 93 - 6° and 129 - 131.5° described above,
The mother liquors from crystallisation of the acid m.p. 161 - 3° were combined and
treated with ethereal diszomethane. Chromatography again furnished the twe
oetahydro — esters and no trace of the chasmanthin derivative.

The neutral material (42 mg.) on crystallisation from methylene chloride -
petrol afforded . hexah in (XVIIY) (20 mg.) as needles m.p. 253 = 4°,
[o(]y= 1.4 °(c, 0.6 cxc13) \/max. (nujol) 1760 (bost &- lactone), 1745 cme™
( 6 -1actone)/
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( §-1actone) (Found: €, 65.65; H, 7.55. CoH05 Tequires C, 65.9;
e 79’75%~)

m'drolysis of the Octahydrocolumbinie Acid Methyl Esters m.ps. 129 - 131
and 93 ~ 6° (XVI; R = CH,)

a) The ester (50 mg., m.p. 129 - 131°) was treated under nitrogen with K

~ sodium hydroxide (5 ml.) on the steam bath for 1.1/2 hours. The regidue, after
acidification, gave on crystallisation from ethyl acetate = petrol gciahydro-
golumbindc acid I (XVI; B = H) (25 mg) as prisms m.p. 156 = 7°. (], =

(¢, 0.9 CHCL,)  max. (mujol) 1760 ( & -1actone), 1730 cm.” ! (carboxy1)
{Founds ¢, 65.55; H, 8.15. H. 0. requires C, 65.553 H, 8.25%)

20 3076
b) The ester (50 mg. m.p. 93 = €°) was treated as above giving, from ethyl
acetate - petrol. octahydrocolumb id I R = H) (23 mg.) as prisms

mp. 173 = 5%, (], - 31.5° (¢, 0.9 cHC1 )\/ max. (nujol) 1760 ( & - lactone),
1750 cm.~V (carboxyl) (Found: €, 65.45; n, 8.1. Cyl, 0 Tequires C, 65.55;
H, 8,25%)

'Hydrogenation of Isocolumbin {I; R =H Cpgy X B)?

Isocolumbin (2 gms., m.p. 185 = 7° dec., (K1, '+ 77°) in methanol (180 ml) was
hydrogenated under the identical conditions used for columbin, Working up in
the same way gave acidic (1.7 gms.) and neutral (200 mg.) material.

The acidic materisl om fractiomal crystallisation from ethyl acetate =
petrol afforded octahydroisocollmbinic acid (XVI; R = H, C(g) o« E) (500 mg.)

as rods m.p. 186 - 8°, ['o(]1> + 42°(C, 1.0 CECLy), PK 5.1, \ maxe (aujol)

1758 ( & - lactone) 1730 cm. 1 (carboxyl) (Found: C, 65.75; 1, 8.4. Cpf,0c
requires C, 65.55; H, 8.25%) and hexahydropalmarinig acid (XVII; R = H, O(g) % H)
(20 mg.) as rods m.p. 234 = 6°, [x], + 43° (c. .3) (Founds ©, 62.95;

B, T.3. €8 07 requires C, 63.15; H, 7.4%). The infrarved (nujol) spectrum of
the latter was identical with that of en suthentic sample,
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Treatment of octahydroiggeolimbinic acid with ethereal dinzomethane
furnished the methyl ester as needles m.p. 138 = 40°, {[X), + 45° (¢, 1.4 CHOL),
Y max, (03013) 1750 ( &-1lactone), 1734 (ester) and C C1 ) 1759 ( & - 1actone),
1741 en.”! (ester) (Found: C, 66.5; H, 8.2. €,4H;.0 requires C, 66.4; H, 8.5%)s

The netral product mepe 245 ~ 52 was not investizated st this stage.

of Dihyvdroisocolumb 2t

Dihydrojggeolurbin (3 gms., m.p. 236 = 7°) in methenol (300 ml.) was mdmgenated
as above affording scidic (2.6 gms.) and neutral (210 mg.) materisl,

Reerystallisation of the acidic fraction from ethyl acetate=petrol gave
ic acid (1.7 zms) m.p. 186 = 8° and no indication of the

palmarin derivative,

The neutral material on crystallisation from ethyl acetate = petrol
yielded hexahydroisocolumbin (XVIII; c(g) X H) (60 mg.) as necdles m.p. 257 = 9,
(X]y + 42.59 (C, 1.1 CH013), V max. (nujol) 1760 (boat &-lactone), 1740 cm.”
( &- lactone) (Founds C, 65.55; H, 7.9. C requires C, 65.9; H, 7.75%)

20 .2 6
' of He drocolumb.

Hexahydrocolumbin (20 mg. m.p. 253 = 4°) on treatment with N sodium hydroxide (2 ml.)
on the steam bath for 5 minutes afforded hexahydroisocolumbin (XVIII; c(é) « H)

(15 mg.) identical in every respect to the material obtained sbove from the hydro=
genation of dihydroisccolumbin,

Attempted E’pmgrisatmn of the Octe.nydrocolmnbinic Acid Methyl saters
meps. 128 = and 93 - 6% (XVI; R = 033

a) Octahydrocolumbinic acid methyl ester {2 mg., m.p. 128 = 30%) was added to

a solution of sodium (25 mg.) in absclute methanol (20 ml.) and the mixture refluxed
for 18 hourss” Hydrochlorie acid (50 ml.,) was added and extraction with chloroform
gave a solid residue (196 mg.). This material (m.p. 126 - 9°) had an infrared
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86 -



spectrum identical with the starting ester and after recrystallisation from

ethyl acetate - petrol yielded ogtahydrocolumbinic gcid methyl ester (100 mg.)
MePo 129 - 3000

b) Octehydrocolumbinic acid methyl ester (100 mg. m.p. 93 = 6°) was also
recovered unchanged on treatment as above,

Attempted Epimerisation of Octahydroisocolumbi ic Acid Methyl Ester
m.p. 136 - 8° (XVI; R = CH, c@ o« H)50,

Octahydrojsocolumbinic acid methyl ester (90 mg., m.pe. 136 = 8%) with the sbove
treatment gave a good recovery (80 mg.) of the octahydroise - ester.

Lithium Aluminium Hydride Reduction of the Octahydrocolumbinic Acid
Methyl Esters m.ps.,126 = 9° and 93 - 69 (XVI; R = “3)

a) Octahydrocolumbinic acid methyl ester (90 mg., m.p. 126 = 9°) in tetrahydro-

- furen (5 ml.) was added to a stirred suspension of lithium sluminium hydride

(300 mg.) in refluxing tetrahydrofuran (10 ml.) over a period of 1 hour, When
addition was complete the mixture was refluxed for a further hour. The excess
lithium aluminium hydride was destroyed with ethyl acetate and saturated aqueous
ammonium sulphate (g_g 10 ml.) added. The organic lsyer was separated by decantation
and the grey residue washed with further amounts of ethyl acetate (3 x 10 ml.).
The combined orgenic layers (after drying over msgnesium sulphate) afforded, on
evaporation, a gunmy residue (85 mg.) which could not be crystallised. The
infrared spectrum of this compound (XX; C(g) A H) showed an intense 3500 cm.
(Hydroxyl) band and virtuelly no carbonyl sbsorption.

1

The crude hydroxy compound {64 mg.) in aqueous methanol (3.5 ml., V 3 V,
2.5 1 1) was treated overnight at room temperature with sodium periodate’! (64 mg.)
in water (1 ml.). The aqueous solution was saturated with ammonium sulphate and
oxtracted with ether, The ether extract affo:ﬁed an oily product (49 mg.)
(xX1; 0(8) Jei H) whose infrared spectrum had a strong 1700 c::lvn."1 (cyclohexanone)

band/
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band, This material could not be crystallised and did not give a crystalline
product on treatment with toluene = p - sulphonyl chloride im pyridine at room
temperature overnight,

b) Octahydrocolumbinic acid methyl ester (90 mg. m.p. 95 - 6°) was treated

with lithium aluminium hydride as above giving an oily residue (78 mg.). This
material was not obtained crystalline and treatment with sodium periodate (as above)
gave a nonwerystalline residue showing a 1710 cme™! (cyclohexanone) band in the
infrared.

Lithium Aluminium Hydride Reduction of Uctahydroisocolumbinic aAcid
Methyl Ester (XVI; R = CH, C(g) & H)

Octahydroisocolumbinic acid methyl ester (200 mg. m.p. 136 - 8°) was treated with
lithium aluminium hydride (600 mg.) as sbove giving an oily residue (180 mg.),
The infraved spectrum of this materlal showed a strong 3,500 cm.”| (hydroxyl) band
and no carbonyl absorption,

The hydroxylic material (XX; 0(8) & H) (110 mg.) in agueous methsnol
(6 ml.) was treated, as sbove, with a solutiem of sodium pericdate (120 mg.)
in water (2 ml.,). The recovered material (XXI; C(a) K H) was an oll showing
1710 eme~! (cyclohexanons) sbsorption in the infrareds

Hydrolysis of Octahydroisocolumbinic Acid (XVI; R = H, c@ oL H)

a) Octahydrojggcolumbinic acid (50 mg., m.p. 180=3°) was treated under nitrogen
with ¥ sodium hydroxide on the steem bath for 4 hours. 1.2 moles of base were
consumed (by back titration) and the product (recovered after acidification) showed
2 1759 am.™! (boat & - lactone) band in the infrered indicating incomplete hydrolysis.

b) Octahydroisgcolunbinic acid (650 mg., mep. 182-5°) in methanol (8 ml.) was
treated under nitrogen with 4 § potassium hydroxide (22 ml.) on the steam bath
for 4 hours. 2 moles of base were consumed and the product (400 mg.) (recovered
after acidification) hed m.p. 230-5°. Crystallisation from ethyl acetate - petrol
gave the sctone I: R = (361 mg.) as needles m.p. 239 - 41°, Further
erystallisation gave me.p. 240-2°%, (K)p = 46.5° (¢, 1.0 05613), PK 3.98,
equivalent/ es.



equivalent weight 369 (calculated 366) (Found: C, 65.45: Hy 8444 (32935006
requires ¢, 65.55; H, 8.25%)

Treatment of the iso ~ lactone with ethereal diagomethane gave the methyl ester
(xxvi; R = ms) as an oil, max. (CHCI:,’) 1720( X = hydroxy ester and ester)
and (C 014) 1745 (ester), 1725 cm.™! (o(- hydroxy ester). This material was not
obtained crystaelline despite careful chromatography.

Lithium Aluminim Hydride Xeduction of the Iso - lactone Methyl Ester
(xxvi; R = c,-za3

The iso - lactone methyl ester (from 150 mg. iso - lactone) in tetrshydrofuren
(3 ml.) was added to a stirred suspension of lithiwm aluminium hydride (800 mg.)
in refluxing tetrahydrofursn (10 ml.) over 1 hour. The mixture was refluzed for
a further 4 hours and working up as previously described (page 87) gave an oily
residue (100 mg.) whose infrared spectrum showed 3500 ol (nydroxyl) and no
carbonyl sbsorption,

{he hydroxylic compound (XXVII) (90 mg.) in methanol (10 ml.) was
treated at room temperature overnight with sodium periodate (130 mg.) in water
(5 ml.). Eveporation of the aqueous solution in vacyg at room temperature
followed by extraction with ethyl acetate afforded an oil (50 mg.) (XXVIII).
The infrared spectrum showed 1710 ca,”! (eyclohexanone) absorption but the material

could not be orystallised,

The iso = lactone (130 ng., m.p. 240 ~ 2°) in methanol (2 ml.) was titrated

with 0.5 B sodium hydroxide until 1 mole of base had been consumed. A further
mole of alksli was sided and the solution heated on the steam bath for 10 mimutes.
Evaporation of the solution to dryness afforded the godium ge ' as a white
emorphous solid \/ max. (mujol) 1580 cm.™' (carboxylate wnicn).

Oxidation/
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ion of the Sc Solt of the I ctone 46

To the sodium salt (150 mg.) suspended in pyridine (5 ml.) was added chromium
trioxide (200 mg.) and the mixture stood at room temperature overnight. The
solution was acidified and ethyl acetate extraction yielded an oil (140 mg.)
which could not be erystallised. The mfrared spectrum of this compound (XXX)
showed 1710 (cyclohexenone) and 3400 cme (hydroxyl) absorption. The latter
Gigappeared when the crude material was ireated with ethereal diazomethane,

8) L . 53

The iso - lactone (1.5 gms., mep. 240 = 2°) in acetic acid (25 ml.) was refluxed
for 4 hours with lead dioxide (2 gms.). The acetic acid was removed in vacuQ
end the residue extracted with benzene. The benzene solution was washed with
aqueous sodium bicarbonate and boliled with chareocal. BEvaporation of the benzene
gave the keto-lactone (XXXI) (1.3 gms) as m oil, [A], = 50° (¢, 0.9 C,H 0H)
Y max. (601 ) 1745 ( §-1lactone), 1711 cm.” (cyﬂlohexancne) (Founds (for
material ammea at 0,005 m.m., %°) C, 69.7; H, 8.75. C, 70.15; H, 8.7,

C, 70.0; H, 8.75. CygB,q0, requires C, 71.2; H, 8.8%).

b) Chromium trioxide = prridine*®
The iso-lactone (40 ng., mep. 240 = 2°) in pyridine (1 ml.) was sdded to a mixture
of chromium trioxide (20 mgz.) in pyridine (1 ml.) and allowed to stand at room

temperature overnight. Acidification of the sclution followed by ether extraction
afforded the keto-lactone (XXXI) (23 mg.) identical in very respect with the material
obtained in (e).

The iso - lactone (100 mz., meps 240 - 2°) in acetone (3 ml) wes treated with
chromium trioxide reagent* (0.45 ml.) and allowed to stand at room temperature
overnight, Removal of the acetone jn vacug followed by ethyl acetate extraction
ot/ '
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of the residue afforded the ketgwlsctone (XX(I)(68 zg.) identizal in every

respect with the materisl chtained in (a).

* (2,67 gms. chromiunm trioxide + 2.3 ml. concentrated sulphurie acid made up
0 100 ml. with water).

The keto — lactone could not be obtained crystelline despite chromatography
end did not form an oxine, 2 2 t 4 -« Jinitronhenylhydrazone or condense with
benzaldehydes

The following method represents the best of mauy attemnts (using varying amounts
of sodium borohydride and reaction tims) to improve the yield of hylroxy = lactone
(xxx11),

The keto - lactone (150 mg.) in totrehydrofursn (25 ml.) was treated with sodium
borohydride (700 mz.) in water (5 ml.). Purther smounts of water were added
until the solution wag homogeneous and the mixture was allowed to stand at room
temperaturs for 6 hours, The excess sodium borohydride was destroyed with acetic
acid and extraction with ethyl acetate (followed by sodium bicarbonate washing)
yielded an oil {100 mg.). The oil was chromatographed on grade V alumina in
benzens giving the hydroxy = lactone (XXXII) (20 mg.) as stout prisms m.p.

172 = 4°, 0ily material with no carbonyl eabsorption in the infrared and some
unchanged keto-lactone. Further crystallisation of the hydroxy - lactone, from
chloroform = petrol, gave m.p. 173 = 4.5°,  [X], + 20° (¢, 0.9 011013)- YV maxe
(cc1,) 1727 en.™"( 6 - Lactons) (Poundt G, 70.8 Hy 9uds €\gH, 0, Tequires

C, 70.8; H, 9.4%)

The hydroxy - lactone (25 mge, mepe 175 = 4.50) was shalken overnight with
chromivm trioxide (1.3 moles) in acetic seid (5 ml. with a few drops of water
sdded.) Removal of the acetic acid ig vacug followed by chloroform extraction

gave/



gave the keto = lactome (UXY) (20 mg.) with identical infrared spectrum to the
material obtained by oxidation of the iso = lactone,

The keto - lactone (520 mg.) in tetrahydrofuran ( 4 ml.) was treated with

1.5 N potassium hydroxide (10 ml.) on the steam bath for 2.1/2 hourse The
alkaline solution was acidified and quickly extracted into ethere The ethex
solution was treated with ethereal diazomethane giving the hydroxy - ketoester
(XXIII; R = H) (500 mg.) as an oil (Found: (after distillation at 0.005 m.m.,
110%) ¢, 68.1; H, 8.95. Cpofly,05 requires C, 68.15; K, 9.15%)

The hydroxy - ketoester (48 mg.) was treated on the steem bath for 1.1/2 hours
with acetic anhydiride (0.t ml.) in pyridine (0.5 ml.). Bvaporation to dryness
followed by crystsllisation of the residue from carbon tetrachloride -~ petrol
geve the acetate (XXXIIIj R = coc&5) (18 mg.) a8 stout prisms m.p. 130 = 3°,

(], + 4% (c, 1.0 CHC1,) (Founds C, 67.5; H,8.45. C,jH, 0 requires
C, 67.3; H, 8.2%).

The acidic hydrolysis product of the keto - lactone (40 mg.) in tetrshydrofursn
(5 ml.) with dilute hydrochloric acid (0.5 ml.) gave the keto=lactone (26 mg.)
after 6 hours standing, The remainder of the material was unchanged hydrolysis
product as judged by its infrared spectrum,

The ester (300 mg.) in pyridine (2 ml.) wes added to a mixture of chromium
trioxide (150 mg.) in pyridine (2 ml.) and allowed to stand at room temperature
overnight. The excess oxidising agent was destroyed with methanol and the mixture
taken to dryness at as low a temperature as possible. Dilute hydrochloric acid
was added and the mixture extracted in turn with bengene, ethyl acetate and ether,
The combined extracts on evaporation ylelded a semi=crystalline residue (220 mg.)
B.p. 120 = 40°. Crystallisation from carbon tetrachloride - petrol aiforded the
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me mixture I (CXIV) (50 mg.) as needles mop. 10 = 40°, (], - 64°
(c, 1.2 cac13) Y maxe (¢ €1, Infracord) 1700 (cyclohexanone), 1740 cm.™
(ester) (Found: C, 68.6; H, 8.8. °20“30°5 requirea C, 68,553 K, 8.6%).
Chromatography of the residues from ¢rystallisation on grade V alumins in

petrol - benzene (6 t 4) afforded the dione mixture II (XXXIV) (32 mg.) as

needles m.p. 116 = 290, [O(]» - 49 (¢, 1.0 cucy ) \/max. (c (214 Infracord)
1700 (cyclohexanone), 1740 cm. (ester) (Founds c. 68.8; H, 8.2, CZOHZ»OOB

requimﬂ c. 68.55' H' 8.6%)

a) The dione (40 mg. m.p. gg 135°) in acetic acid (5 ml.) was heated on the
steam bath with selenium dioxide (160 mg.) for 2 hours. The acetic acid was
removed in vacuo and the residue sublimed giving the ene ~diome (X¥xV) (25 mg.)
m.pe 90 = 100° X\ max, 228 mu ( € 9,500), [X] - 69° (c, 0.4 CHCL;) (Founds
C, 68,65 H, 7.6, C, requives C, 68,9; K, 8,1%)

20528%
b) The dione (10 mg., m.p. gg 120°) in acetic acid (1.5 ml.) was treated as
sbove giving the ene - dionc us an oil A\ max, 230 m.u (€ 9,000)

a) The crude oxidation product of the methyl ester (see above) (50 mg. m.p.
120 = 40°) 1in methanol (3.5 ml.) with 6% potassium hydroxidc wes allowed to
gtand at room temperature overnight. Acidificetion followed by ethyl acetate
extraction gave a residus (4C mg.) m.p. 115 = 30° with an infrared spectrim

_ practically identical with the original material.

b) As sbove but with further 2 hours heating on the steam bath gave a mixture
m.p. ga 120 = 40° with an infrared spectrum practicslly identical with the original

material.

Hydrolysis of Octahydrocolumbiniec Acid Methyl Ester mep.128 - 30°
(xVI; R = CH,)

' o
The octahydrocolumbinic acid methyl ester (650 mg., m.p. 128 = 30°) was treated
"risr nitrogen with 4 N potassium hydroxide (24 ml.) on the stesm bath for 4 hours,
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Acidification, followed by ethyl - acetate extraction gave an oil (570 mg.). This
material on erystallisation from ethyl acetate gave the dihydrozy — diacid (XXxvI)
(280 mg.) es fine needles m.p. 186 = 8°, Further crystallisation from ethyl
ecetate gave m.p. 187 = 8%, (], - 130° (C, 0.5 cac13). equivalent weight 195
(calculated 192), (Pound: C, 62.25; &, 8.4 C,H,.0 ., Tequires C, 62.5)
H, 8.4%),
Oxidation of the Dihydroxy=-discid ‘m !;246
The dihydroxy-diacid (100 mge, m.p. 187 ~ 8°) in acetone (3 ml.) was treated with
chromivm trioxide reagent (see page 9i) (1 ml.) at room temperature overnight.
The excess resgent was destroyed with methanol and the solvents removed jn vacuo
at room temperature. Ethyl acetate extraction of the residue gave solid material
(80 mg.) which on crystallisation from ethyl acetate - potrol, followed by
sublimation, afforded the dione (XXKVIII) (70 mg.) as needles m.p. 218 = 20°,
(o], + 80° (¢, 1.4 c:x013), Y mex. (on oily methyl ester XXXVII) (tﬂcl3
Infracord) 1710 (cyclobexsnone), 1735 cme (ester), (Founds C, 67.35; K, 8.6,
19H280 requires C, 67.8; H, 8.4%) ( A max. 235 = 40 m ( £ 800) suggest
some ene-dione in product). Sublimation of the residues from crystallisation gave
further amounts of the dione mep. 216 = 20°,

The dione (10 mg.) was treated with selenium dioxide (40 mg.)(as for
the ene-diome (XXXV) sbove) ziving the ene-dione (XXXIX) as an oil A max. 230m,u.,
( £ 9,200),

Attempted Epimerisation of the Dione mep. gtg:g_g"(ggm;;;}?s

The dione (50 mg. m.p. 218-20°) in methenol (3 ml.) with 6% potassium hydroxide
was alloved to stand at room tanperatﬁre overnight, Acidification followed by
ethyl acetate extraction gave material (45 m.g.) which on zublimation afforded the
dione m.p. 215 = 19° with identical infrared spectrum to the starting material

{ \ max. 2358, ( €& 1,250) suggested further oxidetion to the ene-dione),

Hydrolysis/
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Hydrolysis of Octlehiydrocolumbinie Acid Methyl Ester m.p. 93 - 6°
(xvI: R = CH,)

The octshydrocolumbinic acid methyl esier (300 mg., m.p. 93 = 6°) in methenol

(4 ml.) was treuted under nitrogen with 4 N potassium hydroxide (15 ml.) om

the steamr bath for 4 hours. Acidification fullowed by ethyl acetute extraction
gave an oily residue (280 mg.). This material could not be crystallised and
showed a 1760 em.”! (boat & -lactone) band in the infrered. It was treated with
alkali as above for a further 4 hours giving materisl (200 mg.) (mo 1760 cm™!
band surviving) which could not be crystallised, despite chromatography either
before or after methylatiom,
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Eiogenesls of Diterpeneg,

a) General.

The nature of terpene biogenesis has been sxtensively reviewed in the litera.turew'?e

and only a brief outline of the main points will be counsidered here.

The present theories of terpone and stersid biogsnesis are based on
the Isoprene rule which ststes thet the carbon sheletons of these retursl products
are built up by condensation of two or wore isonentane (I) units. That this five
carbon unit has its origin in o two carbon precursor is sunported by the biosynthesis
of labelled cholesterol (II.) from labelled scetic acz.d?g The nature of the iso=
pentane unit, derived from acetate, aad its mode of synthesis was estsblished by
tre isolation of B = hydroxy = 8 = methyl = & = valerolactone ({.V.4.) (III)?O
This compound, which can decarboxylate to cive a five carbon wnit, is converted
virtually quantitetively into cnolee.terol and is more probably the direct
precurgor in biosynthesis. Further it hes been shown that the labelling pattern
in & molecule synthesised from labelield acetic acid or H.V.8. is consistent with
a derivation based on linksge of isoprencid um.tsg.sz'

The Isoprerie rTule has been extvended by Ruzicka B1,82 and it is now
considered that initial condensatwn of the five carbon unit, derived from #.V.4.,
into geraniol (IV) farnesol (V), geranylgeraniol (VI) and squalene (VII) provide
the biogentic intermediates in the formation of mono = , sesqui - , di - , and

triterpenes (and steroids) respectively.
In the case of the triterpenes and steroids this is supported by con=

giderable experimental evidence, e.g. the transforuation of ecetic acid into
86
cholesterol (I1) via squalene (VII) and lanosterol (3)84.85,

By analogzy with the cyclisations, occurring by a concerted anti-planar
mechanism, of the polyisoprenoid (X) folded in (a) the chair and (b) the boat
conformation eyclisation of squalene {VII), folded in the chair - boat - chair - boat

eonf ormatioa/
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conformation (VIIa), to (VIII} is mssumed to ocour by a trans - planar
mechanism. The derivation of lanosterol (IX) from (VIII) is ascumed to

ocoonr by trang - vlanar 1 ¢ 2 shifts of hydrogen and methyl groups the

overall process being concerted with no interuedizte carbonium ion formaticn?z
The conversion of lanosterol {IX) to cholesterol (II) oceurs with oxidative

. 86
loss of three carbon stoms,

Prperimental evidance fop the Jdevivation of diterwoncs from the
geranylszraniol (VI) system iz not sc gbundant but what has been determined is
in accord with this blogenetic isoprene rule. “ogenonolactone (XI) is congidered
to be derived from geranylgeraniol {VI) by the scheme represented =g (VI) to (XI).
140 = H.VeAe aad

{ - 140 - geetic acid should have sn isotope distridbution as shown in (XII) and

This seguence predicte that rosenonolactone derived from 2 -

(XIII) reapectively. These osredictions have been confirmed by degradation studies

on lsbelled rosenanolactﬁne?7

The biogenesis of the lsbdane group £ {orgnoid diterpese Litter
principles reviewed earlier will now be dealt with. These compounds are derived
from gevauylgeraniol (VI) or o welsted systen such mo eranyliinalool (XIV).
Cycelisation of the zerauylgeraniol systsm (cyclisation and subseguent rearrajsge=
ment are assumed to follow the schese outlined for sgualene) can ccour in two
weys as showa in (XV) and (VI) to give the systems (XVII) and (XVIII) the former
having a s 0(10) methyl group ('anatural® stereochemistry) the latter an o C( 10)
methyl group (‘unnatural' stersochcmistry). These systems (xvII) and (XVIII)
are the biogenetic procursors of the compounds in the labdane group, the cne
utilised depending on the absolute stereochemistry of the molecule under

congideration.

Before dealing with any compound in perticular the derivation of a furan
ring will be mentioned, It has been suggested 83 {hat the allylic aleohol (XIX)
on rearrangement to (XX) followed by epoxidation and oxidation to (XXI) with
furﬁhe:/
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further resrrangement to (X}{II) gives a furan ring (XXIII). This wechanism,
when applied to the side chain of geranylgeraniol (VI), indicates that natural
products dexived from this gysten should all have a B = substituted furan ring
If it is present in the molecule.

The biogenesis of andrographolide (XXIV), daniellic acid (XXV) and
polyalthic acid (xxvI), with &« C<1 0) methyl groups, can be represented as shown
in r"ig.{l), the lacteone cystem in androgra holide being foraed by sxidation of
the side chain metiyl group to carboxyle

The derivation of marrubiin (XXVII) can be represented 2s shown in
Fi,g;(Z) the precursor havipg 'natural' stercochemistry at € (10)*

The biogenesis of clerodin (JXVIII), shown in Fig{3), involves

rearrvangement of the c-rbon skeleton of a precursor having *natural' storeochemistry

at C( 4 0)-
In the case of cascarillin (XXIX) the absolute stereochemistry is not
known but it could be derived from a 'natursl’ precursor as shown in Fig.(4).

The compound thelepogine (xxx), though not a terpere, is closely
related to the labdane group of diterpcnes. It can be considered as derived from
the manool system (XXXI) as shown in Fig.(5).
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b) [Ihe Biogenesis of Columbin,

A previously published proposal concerning the stereoz:hemiatry42 of columbin
suggested a biogenetic derivation as shown in (XXXII) to (XXXIII). The
precursor (XXXII) was drawn with the 'wrong' absclute stereochemistry snd zave
the situation, with an A/B trans fusion, as shown in (XXXIII).

The stereochenistry of columbin hes been shown, as a result of the
work described in this thesis, to be as in (WXIV) with 4/B and ®/C cis ring
fusions. PFurther the C'( 10) hydrogen has been showm to be « inlicating

derivation from a precursor with 'astursl' stereochenistry at © (10)*

A possible biogenstic sequence starting with (XXXv), derived by
normal means from geranylgeraniol {VI) eould be as follows. Protonation on the
ﬁ: face of the molecule gives an equatorial () methyl zroup at 0(8)'
oxidation then giving {XXAVI). Vehydration of (XXiVI) followed by oxidation
gives (IXXVII) and attack by the csrboxylate anion at 0(8) on the C(g) - 0(12)

double bond furnishes the lactone (XiiVIII)., Trans anti=planar methyl end
hydride shifts give (XXXIX). 4n alternative derivation of (3XXIX) from (JV)
couid be as follows. Formation of an enustoriasl methyl group at 0(8) and
dehydration gives (XL) which furnishes (XLI) om oxidaticn. Further oxidation
gives (XLII) which lactonises to (XLIII) and methyl shifts, as showm, give
(xxx1x),

Oxidation of (XXXIX) gives (XLIV) with a primary hydroxyl attached to
0(5). a situation similar to that im clerodin. Lactonisation then affords (XIV)
with a /8 134 lactone bridge. It is now postulated thet, because of the highly
strained nature of (XIV), the system undergoes a reverse aldol reaction to give
{XLVI) which is cyclised reductively to columbin (XXXIV), with the very much
less strained cis fusion of rings A and B. ’

as/
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As an slternative the scheme (XIVII) or (XLVIII) to (XXIV)
esn be considered. (XIVII) and (XINIII) can be derived by the schemes which
give (XXXVIII) and (XLIII) respectively, the only difference being oxidation
to give a f3 carboxyl group at C<4). Attack by carboxylate anion, a3 showm,
with accompanying methyl end hydride shifts, gives (XLIX). Oxidation to (L)
then methyl aigration gives columbin (AXXIV Je

It will be interesting to examine these proposals by biosynthetic
experiments, using labelled precursors, once the rather unusuel sterecchemistry
of columbin has been confirmed by X - ray crystallographic stulies on a suitsble
derivative.

.
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Attempts to Prepare a Columbin Derivative Suitable

‘or ination by X- Crystallography.

a) The absolute stereochemistry of columbin has been shown to be (Ia; R = H)
utilising purely chemical methods and the techniques of moleculsr rotation
differences, infrared spectroscopy and optical rotatory dispersion measurements.
In the three dimensicnal representation of the molecule we have rings A and B
in the boat conformation and ring C in the chair conformation. In igocolumbin
(I; R = H) all three rings will have the boat conformation.

Perhaps the most interesting features of the columbin molecule are
the cis neture of the A/B and B/C ring fusions. There is no doubt about the
nature of the A/B fusion snd the arguments, put forward in assi¢ning a cis B/C
ring fusion and a /8 0(9) methyl group seem sound. However a direct check on
the stereochemistry of columbin, in view of its meny abnormal festures, was
thought to be necessary.

Providing a suitable derivative of columbin, contain.jmg; a heavy atom
such as bromine or iodine, was prepared the technigue of X = ray crystallography
could be used to give the complete relative stereochemistry of the molecule
(and possibly in favoursble circumstances the absolute stereochemistry 8150).

With columbin the 'lightest’ heavy atom which could be successfully
used was thought to be bromine and attempis were made to obtain a derivative,

in the form of single crystals, containing bromine or a heavier elements

Initial experiments were conducted using the availeble functional
groups {a tertiary hydroxyl, a double bond end a furan ring) in the molecule
88 it was desired to preserve as wuch of the original structure of columbin as
possible,

Under a variety of conditions, using acetyl chloride, it was found
that isocolumbin (I3 R = H) could be acetylated with great ease. When the same
methods/
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methods were used (see experimental) with chloroacetyl chloride no ester
was isolated. iost of the reactions yielded unchanged jsocolumbin and en
unidentified oil.

On treatment with B - bromopropionyl chlorideag isocolumbin again

geve ne crystalline product.

Reaction of the double bond in the molecule was then conaidered,
Isocolumbin (I3 R = H) on treatment with osmium tetroxide in dioxan, then
hydrogen sulphide, furnished the cis diol (III; R = OH)?O A method of
isolating the intermediste (II; R = an organic base) is described in the
1iterature9° and experiments were conducted in order to obtain a series of
~ these compounds, Reaction of isocolumbin with osmium tetroxide in dry tetra=
bydrofuran in tie presence of, in turn, £ =, B =, ¥ = picoline, pyridine,

2 %4 : 6 - collidine, guinolire and isoquincline gave in only two cases ( X -

and B =~ picoline) crystalline solidse

The compound (II; F = o = picoline) derived from o = piccline was
unstable at rcom temperature, losing solvent of crystallisation with breakdown
of the crystal structure, and was for this resson unsuitable &s an X - ray
derivative. The compound (II; Rk = /3 = picoline) derived from B - picoline
had m.p. 2§ 230° and Zid not lose solvent of crystallisation till gg 1800.
However lengthy attennts to obtain this compound in the formn of single crystals

in a size which would vermit manusl memipulation failed.

The double bond in columbin reacts readily with bromine but the compound
appeared to decompose rapidly on standing at room temperature and no crystalline

product was obtained,

Attem:ts were then made to obtain a cyclic acetal of the form (IV) from
the triol (III; R = OH)91. Reaction of the triol with a) O - bromo benzaldehyde

b) benzaldehyde ¢) p = bromo acetophenone in the presence of toluene - p =
sulphonic acid or with toluene - p - sulphonic acid alone furnished small amounts

of a compound {the same in a1l cases) m.ps 299 = 300%, This moterial had no

aromatic/
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arcmatic absorption bands in the infrared, gave a negative Beilstein test,
and, because the present work was concerned with obtaining a heavy atom
derivative, was not investigated further,

Reaction of the triol (IIX; R = OH) with chloroascetyl chloride and
pyridine failed to give a crystalline product despite chromatography.

Formation of a bromohydrin by the reaction of N - bromosuccinimide
on a double bond has been described in the 1itera‘cure92 but when iggcolumbin
wes reacted with {1 molc of ¥ - bromosuccinimije the product {a white amorphous
g01id) showed no furan absorption but strong hydroxyl (350 cm.™') ebsorption
in the infrared, cave a faint positive Beilstein test and decomposed on warming
with solvent, FHeaction of dihydroisocolumbin in a similar manner gsve an
assorphous solid, with hydroxyl and no furan sbsorption in the infrared, which gzave
a faint positive Beilstein test. Attesmpted crystallisation of this comnound gave
a brown gum which shoﬁed acidic hydroxyl snd double bond absorption in the infrared
and appeared not to contain bromine (negative Beilstein test).

Attempted substitution of mercury into the furan ring by the action
3 on isocolumbin gave recovery uf isocolumbin,

94,95

of sercuric chloride

Reaction of lichlorocarbene on jgocolumbin, in an attempt to form
s compound containing a dichlorocylopropane system (v), gave guantitstive recovery

of isocolumbin,.

Ogonolysis of dihydrocolumbin and dibhydroiggcolumbin gave the acids
(VI; R = 0H) and (VI; 7 = OH, C(a)' o H) respectively and reaction of these with
rubidium carbonate gave the salts (VIs R = ORb) and (VI; R = ORb, Cg) * H),
These salts were isolated as fine white needles and &ll attempts to grow crystals
suitable for X - ray examination failed.

Reaction of the scids (VI; R = OH) and (VIt R = OH, C(gy o H) with
P = iodophenscylbromide gave a good recovery of the starting acids.

Attemptn/
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Attempts were made to form smides of these acids via their acid
chlorides. Larly atteupts were unsuccesaful, possibly due to non-formation
of the acid chloride, but finally the method described in the experimental
aectiongs gave the acid chloride. Reaction of the acid chloride with p =
bromoaniline gave small amounts of the amide as fine needles and attempts to

grow favoursble crystals Jailed.

However reaction of the acid chloride (of the acid derived from
dihydrecolumbin) with m - bromoaniline guve the anilide {(VI; K = m ~ bromoaniline)
BaPe 228 = 30° ag stout prisms and sigeable single crystals were easlly obtzined.
Prelininary measurements indicate that this derivative crystzllises in the mono-
clinic system with four molecules to the unit cell, an arrangement which is not
suitable for X = ray study because of symsetry probleas.

The reaction acheme however should allow & series of amides to be made
with the possibility of obtaining a more suitable derivative. & bulky group
attached to the carboxyl in the molecule (VI) should function as the original
furan ring in preserving conformations of the ring C lactone,

Ho.



(b)  EZxperimental.

For generul experimentsl see page 79.

Acetylisocoluwoin (I; X = -:ocas)

(a) Isocolumbin (200 mee, mepe 185 = 7° dec.) {prepared as on pege ) in
dimethylaniline (5 ml.) was refluxed with acetyl chlorile (3 wl.) cvernicht,
The solution was pouzed into cold water ziving a solid {200 mg.) which on
crystellisation from acetone - aleohol gave sgetylisocslumbip (I3 R = L{,‘rIB)

(150 ng.) m.p. 226 - 8°, (o), + 25%

(b) Isocclumbin (50 mg.) in chlovoror: (3 ml.), with = few drors o oyridineg,
wes rofluzed with acetyl chloride (0.5 ml.) cvernight. ister was added aznd
chiloroform extrsetion followed by crysiazllisation fron acetone - slcshol gave

seetyiisocolumbin (I3 R = :‘:QCP’Z)A (30 we.) mepe 227 - 9°,

(¢) Isocolumbin (50 mo.) in dioxan (2 ml.) was refluwd with scetyl chloride
(0.5 ml.) overnight. 7The mizxture wes poured into cold water giving a sclid which
aefforded, on crystailicsation irom scelvie = alcchol, &cetyli$ocolumbip (I; R = 00053)

(37 mg.) Mejo 221 - 900

Attempted Chlorcacetylation of Isocolumbin (I; R = H)

(a) Isoeclumbin (50 mc.) as in (a) above but uring chlorcacetyl chloride gave
a black tar. A black tar wes formed with chloroacetyl ciloride and dimethylaniline

alone.

(b) Isocolumbin (50 ng.) as in {b) above using chloroacetyl chloride (0.5 ml.)
gave isocolumbin (10 mg.) and oily msterial which could not be crystallised.

(¢) Isocolumbin (50 ws.) as in (c) above using chlorcacetyl chloride (0.5 ml)
gave isocolusbin (14 mg.) and olly materisl whick could not be cxystallised.

(a)/
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(a) Isocolumbin (200 mg.) in chloroacetyl chloride (3 ml.) with a few drone
of dimethylaniline was refluxzed overnight. The mixture was poured into water
giving a dark brovn gum which could not be crystallised.

(e) Isocolumbin (400 mg.) in dioxan (10 ml.) was refluxed with chloroecetyl
chloride (4 ml.) overnight. The mixture was poured into water and chloroform
extraction yielded an oil (445 mo.) ’

The oil was chromatographed on grade V alumina in benzene. Apart
from isocolumbin (ga 40 mg.) no crystalline materisl was isolated.

The infrared spectra of all the products from (b) to (e) still showed
hydroxyl (3500 cm.d) absorption and were generally quite different from
isocolumbin, |

of Iaoco in = wi - rOPio: Chlorid

Isocolumbin (135 mg.) in chloroform (5 ml.) with a drop of pyridine was refluxed
with B - bromopropionyl chloride (1 ml) overnight. Water was added and chloroform
extraction followed by washing with agueous sodium bicarbonate gave a yellow oil
(600 mg. ).

This material could not be crystallised and the large amount recovered
suggested reaction other then that desireds

QOsmate Egters of Isocolumbin (Ig R = Hl

The general method of msking these compounds is exemplified as followss

(a) Isocolumbin (36 mg.) in dry distilled tetrabydrofuren (2 ml.) with B - picoline
(ca 0.2 ml.) was treated at room temperature overnight with osmium tetroxide (25 mg.)
in tetrahydrofuran (1 ml.). The solution (if no msterial hed crystallised) was
soncentrated gg_g_ggggat room temperature., The solvents were decanted and the
complex isolated as dark red needles (25 mg.) m.p. £a.2%0°. Recrystallisstion

was carried out by diss lving the compound in a large excess of tetrahydrofuran

in the cold and concentrating to small volume alsoc in the cold. The compound was

again
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again isolated as dark red needles m.p. ga 2%° which lost solvent of
crystallisation at ga 180°, (II; R= A =~ picoline).

{b) As above, but using o = picoline, gave dark red prisms which lost solvent
of crystallisation rapldly at room temperature and decomposed on heating gg 10°
above room temperature (II; R = o - picoline), k

(e) 4s above, but usging Y - piccline, gave a dari red solution which yielded
amorphous material on standing. No crystalline materinl could be iszolated from
this reaction. (II; E= X - picali:ue).

{d) &s above s but using pyridine, agein gave an aworphous solid which could not
be crystsllised {II; R = pyridine).

(a) As above, but uiing 2 ¢ 4 ¢ 6 - collidine, yielded en amorphous solid which
eould not be crystellised. (II; R=2 : 4 1 6 = collidine),

(£) Isocolumbin (36 mg.) in dioxam (2 x1.) with B = picoline (19 mz.) was

treated overnignt at room teuperature wiih osmium tetroxide (25 mg.) in dioxen (1 ml.).
The solution was concentrated at room teunerature but no material crystallized from
the dioxan golution. The remainder of the Jdioxan wss removed and the residue
erystallised from tetrahydrofursn giving the material described in (a) (identical
infrared spectrum) (II; R = 3 - picoline).

Ireatment of Isocolumbin with Bromine.

Isocolumbin (36 mg.) in chioroform(10 ml.) was treat d at room temierature with
bromine (1 mole) in chloroform. When the bromine colour hed disspreared (gg 5 mins,)
the solvent vwas removed at room tempersture, The semiwcrystalline residue could

not be crystallised and rapidly decomposed on standing im solutionm.

columb II; R =

Isocolumbin (340 mg) in dry dioxam (10 ml.) wes treated with osmium tetroxide (340 mg.)
in dry dioxan (10 ml.) at room temperature for & hours. The solution was saturated
with hydrogen sulphide and filtered through kieselguhr. The solvent was evaporated

o=t/
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and the residue on c¢rystallisation from ethanol furnished isocolumbindiol

(117; B = OH) (300 ug.) wep. 260 - 1° y [ﬁ(]3-+ 32° (c, 1.4)

{e) The diol (50 wg.) in dry chloroform (5 ml) was refluxed with O - bromobenzalde-
hyde (1.1 moles) and a trace of toluene = p - sulphonic acid for three hourse

The solution was cooled and washed with aqueous scdium bicarbonate solution, then
aqueous bisulphite solution. Evaporation gave no appraciable rscovery of any

products, (The 4iol is quite water :oluble and reaction could not have occurroed. )

(b) The diol (50 mg.} in dry dioxan (0.5 ml.) was refluxed witk 2 large excess

of benzaldehyde in benzene and a trace of toluene - p - sul-honic acid for 1 hour.
The benzene was removed by distilliation and further amounts of dry bengene ('5 ml.)
added. The henzene was again renoved by distillation and the process repeated for
abcut 1 houre The soluticn was ccoled end washed with aqueous sodium bicarbonate
and agueous sodiwm bisulpghite. Hemovzl of the benzene gave g smell avount of solid
material (gg 8 mg.) vhich on crystallisation from ethyl acetate - wmethavol gave
a compound mepe 299 - 300O (subl.) ap fine needles. This material hed no aromstic
absorption in the infrared and was not icwvestizated further.

{(e) 4s {b) above but using p = bromoacetorhenone gave small amounts of the game
non~zromatic material (infrared spectrum),.

(d) As (b) above bt with no carbonyl compound resent gave smmll amounts of the
8ape non—-aromstic material.

Attemoted Chloroscetylation of the Diol (III; R = GH)

The diol (90 mg-) in dioxan (1 =l.) was treated overnight with ciloroacetyl chloride

(2 zle) and & few drope of pyridine. The mixture was poured into water and chloroform
extraction gave a brown gum (70 mg.) which could not be crystellised despite chromatom

graphy on grade V slumina.
Reaction/

120 .



Eg_a‘gtion of N - Bromosuccinimide with Isocolumbin,

Isocolumbin (100 mg.) in aqueous acetone (2 ml.) with 1 drop 1 N sulphuric acid
was treated with ¥ - dbromosuccinimide (1 mole). A brown coloration developed
imnediately and disappesred in about 10 minutes. Aqueocus sodium sulphite was
edded and the acetone removeds A white amorphous solid (_gg 90 mg.) was isolated
which gave a faint positive Beilstein test. Tuis rmaterial m.p. 190 = 200° had
atrong 3,500 cm.-1 (h@rdmxyl) absorption and no furan absvrption in the infrared.

The compound decomposed on attenpted crystallisation giving a brown oil.

Reaction of H - Bromosuccinimide with Dihydroisocolumbin.

Dihydroisocolumbin (500 mg.) (prepared as on page ) in acetone (20 ml.) with

weter (5 ml.) was treated with N = bronosuccinimide (245 m{?;-) at 0° for 1 houre
The acetone was removed in vacuo and water {ga 25 ml.) added giving a white
amorphous uaterisl (400 vg.) m.p. 185 - 200° dec. This matericl gave s faint
positive Beilstein test and hiad 3,500 cm..1 (hydroxyl) and no furan absorption
in tue infrared. The materisl decomposed on waraing with solvent ziving an oil

vwhose infrared spectrum showed acidic hydroxyl and double bond absorption.

The amorphous material (300 mg.) wac treated overni it at room temperature
witl acetic mnhydride (1.5 ml.) in pyridine (6 sl1.). The solveats vere removed at
room texperature mnd the dark oil taken up in methylone chloride.s  The extract
after washing with dilute hydrochloric acid and aqueous sodium bicarbonate gave an
ol (170 mg.). This material showed a decresse in hydr xyl absorptionénd aromatic

absorption in the infrared but cculd not be crystallised.

Resction of Dihydroisocolumbin with Mercuric Acetotes

ﬁﬂwdro;mcolumbin (360 wg.) in aqueous ethanol (5 ml.) was treated with mercuric
¢hloride (1 mole) and sodium acetate (4 mcles) at room temperature. Dihydroigo-
eolumbin was recovered unchanged after 1.1/ 2 weeks,

Reactiob/
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Reaction of Isocolumbin with Mereuric Ageta&e,%

Isocolumbin (140 ms.) in aqueous methenol (2 ml.) was treated with
mercuric acetate (100 mz.) at room temperature. Isocolumbin was recovered
unchanged after standing at room temperature for 1 day,.

Dihydroisocolumbin (100 mg.) in 1 : 2 dimethoxyethane (10 ml.) was treated at
reflux with sodium trichloroacetate a) (52 mz.) b) (259 mg.) for 18 hours. The
solvent was removed in vacug at room temperature and the residue taken up in
methylene chloride, in both cases dihydroicocolumbin was recovered unchanged.
(The generation of dichlorocarbene was detected by the vpresence of chloride ion

in the reaction mixture.)

a) Isocolumbin (100 m@') in 1 : 2 dimethoxyethune (10 ml.) was treated at reflux
with sodium trichloroacetate (104 mg.) overnight. Work up as before gave unchanged
isocolumbin (90 mg.)e

b) Isocolumbin (100 mg.) in 1 : 2 dimethoxyethane (10 ml.) was stirred with sodium
methoxide (2 moles) and methyl trichloroacetate (2 moles) at room temperature
overnighte The sclution was scidified and methylene chloride extraction gave
isocolumbin (70 mg.)

D col

Dihydrocolunbin (2.5 gms) in chloroform (75 ml.) wes treated with ozone at 0° for
8 hours. Water (12 cc) was sdded and the mixture stood at room temperature
overnight. The solid material (1.05 gms.) was filtered and crystallisation from

ethyl acetate = potrol gave the agid (VI; R = OH) m.p. 230 - 3%,

Ogonolysis of Di oisoco

Dihydroisocolumbin (1.3 gms) in ethyl acetate (500 ml.) was treated with ozone for
9 hours at - 70°. The solution ¥es evaeporated to ga 200 ml. and water (10 m1.)
added./
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added. The remaining ethyl-acetate wos reuoved and the oily material extrazcted
with sodium bicarbonste giving (on acidification) the aci : R= 0H
C(82 178 H) (800 mg.). On crystallisation from ethyl acetate - netrol this
. . L. o
gave materisl m.p. 251 = 3, BxJD- 12° (c, 1.2 cic1,) (Found: €, 50 ¢ 43
648, C,H, 0, requires C, £0.3; H, 6.55%) s

3

Attempts at Formin. ﬂerlvativcs uf the Trisnor fcids from the Ozonolysis

1. p - iodophenacyl estcrg7

(a) The acid (VI: R = OH, C( y & H) derived from dihydroisocolumbin, (100 mc.,
MePs 251 = 3 ) in acetone (10 ml.) was snaken overnight with p = iodophenacyle-
bromide (100 mg.) and an excess of potassium cavbonate. The solution was filtered
and starting acid recovered in high yield togetber with the alcohol derived from
the phenacylbromide.

(b) The acid (VI; R = OH, Clg) & ) in acetone - methanol (6 1l., V 2 V3 1 ¢ 1)
was treated with 1 eguivalent of sodium hydroxide. The salt was heated on the
steam bath for 2 hours with p - iodophenacyl bromide (100 mz.) in acetone (4 ml.).
The solvents were removed giving the starting acid in high yield,

(¢) The scia (VI; R = OH, C(g) o H) in methanol (4 ml.) with 1 equivalent of
aqueous sodium c-rbonate was refluxed overnight with 1 mole of p - iodophenecyl-

bromide. The acid wes recovered unchanged.

2., The acid (¥I; R = “H), derived fram dihydrocolumbin, on treatsent as in 1(a),

(b) and (c) was alzo recoverad unchanged,

3. Rubidium Ssltse

(2) The acid (VI; R = CH), derlved from dihydrocolumbin, (20 mg.) in agueous
methanol (5 ml.) was treated with 1 mole of rubidium carbonate. The solvents were
removed and the residue gave the rubidium sslt as very fine needles m.p. 180 - 50.
This materisl could unot be chtained in a different crystalline form from any
solvent or solvent mixture tried.

() /



(v) The acia (VI; R = oH, C’s) & H), derived from dihydroisocolumbin,

on treatment as zbove gave the rubidium selt mep. 190 = 3 as very fine needles.

4. Bromognilides,

(a) The acid (VI; R = OH) (100 mg.) in squeous ethsnol was treated with 1 mole
of sodium bicarbonate. The solvents were removed and the residue dried by
azeotroping with dry benzene. The sodium salt was suspended in benzene and a trace
of pyridine added. The wixture was treated overnight at room temperaturs with an
excess of oxalyl clloride. The solvents were reaoved and tie recidue, in benzene,
was tresnted %:itzh an excess of m - bromoaniline overnight. Water was added and
ethyl acetate extraction, followed by washing with hydrochloric snecid and agqueous
sodium bicarbonate gave the m = bromoanilide (85 mg.). Crystallisaiion from
ethyl acetate = p-trol gave material mep. 28 = 300 ag stout rrisus, (] st 21°
(Found: €,56435; H, 5.95; §, 2.9 023326 8 Br requires C, 56.1; H, 5.35;

H, 2.85%)

(b) Reaction as in (a) above but using p - bromoaniline guve small amounts of
the anilide as fine needles m.p.220 - 5°,

12.4.
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