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SECTION A,

:;}».»Natui-.ally .obcurring Beyeranes. T




1. Tetracyélic Diterpenoids Related to Beyerane. .




5 R=COOH 6 R=COOH
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ine carbon framework of the diterpencids discussed in this
review is based on the saturated hydrocarbon beyerane (1),

q s s oo 1 N . N s a

J el LOLL oL O4L [V34 —-CL dd U Wi C.
formally derived from beyerol (2), the 17-cinnamate of which
was the first naturally occurring diterpenocid to be identified
having this skeleton. A common structural feature of those

. A . 15 . . . -

compounds of natural provenance is the /N “-double bond in ring
D, which forms part of a bicyclo-[3,2,1] -octene system.

Tne rigorous estawllshnﬂnt of the carbocyclic system was
. . . . R 2- 7
based on extensive investigations by Djerassi and Mosettig
who determined the relative and absolute steresochemistry of
isosteviol (3) prior to the isolation of beyerol. Zince the
former is of prime importance in the chemistry of the beyeranes,
its structural determination is worthy of further comment,
Isosteviol (3), which does not occur naturally, was

obtained2 from acid catalysed hydrolysis of stevioside, a

triglucoside from Stevia rebaudiana. It was subsequently

shown that this keto-acid orisinated from steviol (4), another
. 2 . .
hydrolysis product ™, in a manner analogous to the then knowan
. . e e s . ' - . 8 .

allogibberic (5) -gibberic acid (6) transformation . This
relationship between these respective pairs of isomers was
further used in a s’ udy3 of the optical rotetory dispersion
curves of the ketones (3) and (6) and the nor-ketones derivad
from steviol and allogibberic acid on oxidative cleavage of the

exocyclic methylene zroups. The close similarity of the

respective nairs of curves served to define the orientation of
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the two .carbon bridge between C-8 and C-13 in isosteviol. The
epimeric C~16 hydrocarbons, stevene A(7a) end stevene 3(7b), were

3

prepared” and their identity with the epimsric kauranes shown by
comparison of their physical constants including their X-ray
powder photographs.

Conversion of the hydroxy-acid (4) to stevane A(?a) was

3

effected” by the following transformations. Hydrogenation of

the exocyclic double bond gave & -dihydrosteviol (8a) which was
converted via the alcohol to the aldehyde (8b). The derived
thioacetal on desulphurisation generated the required saturated
alcohol (80). Subsequent replacement of the tertiary hydroxyl
group by bromine using phosphorous pentabromide, then hydrozenolysis
of the bromine over Reney nrickel gave stevane A(72). The C-16
epimer, stevane B3(7b), was prepared by an identical route but
for the initial stages. These involved catalytic reduction of
stevioside which, for steric reasons, permitted hydrogen to add
to the p face, and subsequent hydiolysis of the sugar residues,
to give P -dihydrosteviol (8d). Since the chemistry and stereo-
chenistry about the C/D rinz junction in isosteviol had been
determined, there remained in doubt the configurations about the
three asymmetric centres at 5, 10 and 9. |

Stevane B(7b) was shown4 to be identical with the hydrocarbon
derived from the Garrya alkaloid, garryfoline (9}, which at the
time of the comparison was of known configuration at a2ll centres

except C-9. Thus evidence of a trans fused A/B ring junction
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(5ﬁ3—heroven, 10l ~methyl) in both steviol and isosteviol was

obtained. The rotatory di: curves of the keto-dicarboxylic

rans fused 5, 3-ketosteroids

(9

acid (10) (vide infra) snd the
show an antipodal- relationship to each other, Thus the stereo-
;hemistry of isosteviol is completely defined5’7 as trans~ant;j
trans with af3;orientaﬁiqn of the C-9 hydrozgsn. . The ketol (11),
derived from steviol on OZO“OlV s, gave the isomeric ketol (12)
on treatment with base. The lattexr compound,von oxidative
cleavage of the C 13 - C 16 bond with neriodate, generated the
hydroxy-dicarboxylic =zcid (10).used in the above o.r.d. comparisons.
Isostevane, derived from isosteviol, is therefore of lmown
relative and absolute stereochemistry and has been used in
structural correlations, either directly or indirectly (via
beyerol), with other naturally occurring beyerane diterpenoids,
In this way the carbocyclic skeletons of beyeroll(Z),
stachenonelb’9(13), (—)—hibaene}O (14 antipode) and

erythroxylol All 12 (

13,14 ; ‘

monogynol 55 ™) (15) hzve been deduced.

Beyerol (2), occurring naturally ss its l7-monocinnamate,
has its three hydroxyl funcitions, two primary and one secondary,
attached to carbons 3, 17 and 18, The tris-methanesulphonate
of dihydrobeyerol (16) on treaiment with the sodium salt of benzyl

. laa . . vt e

thiol underwent™ subsiitution end elinmination giving the
unsaturated dithioether (17). This on desulphurisation

followed by hydrogenation gave izostevane, The 17,18-ditoluene~p-

ped

sulphonate (18a), on conversicn™ to the dibenzyl thiocether (18b)
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followed by reduction, zave compound (19), readily derived from

Q
the naturally occurring stachenone”(1%). This interconversion

with isostevane served to define unambigﬁously the carbon
skeleton, and its absclute stereochemistry, present in both
beyerol and stachenone.

The 1,3-relationshipla of a primary and secondary hydroxyl
group in beyerol was readily illustrated by the formation of an
ethylidene derivative with acetaldehyde, and also by the base
catalysed decarvonylation of the derived I;B—keto—aldehyde (20),

B

which generated a secondary methyl group. The latter information
served to confirm the geminal attachment of methyl and aldehyde
groups at C-4. Thet the second hydroxymethyl group was

attached to C-13 was proved by a secuence of reactions involving ‘
oxidative rupture of the double bond between carbons 15 and 16.
The triol diesterla(2l) so formed was protected as the ethylidene
derivative and the remaining primary hydroxyl oxidised to the
acid, The decarvoxylation of this compound (22) showed that it
must be a2 malonic acid half-ester. Evidence for an axial
hydroxymethyl group a2t C~4 in beyerol was derived from spectro-
scopic studiesl. Thus the chemical shift values for the -CHO
and —CﬂzoAc protons (at C-18) in a number of derivatives of
beyerol were in accord with an axial configuration. This being

so, the intramolecular hylrogen bonding observed in the infra

red spectrum of beyerol reguires an equatorial orientation of

1}

: worted by the

L4

the hydroxyl at C-3. This assignment 1



A
3
A
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regeneration of bayerol on lithium aluminium hydiride reduction
of the keto~aldenydo-acid (20), The chenically derived
structure of beyerol (2) is in full agresment with an X=ray

15

carried out by 0'Connell and Maslem,
11,12,16(

analysis

"Eryﬁhroxydiol A hydroxymonogynoli5’l4) (23),
beyer-15~en—3o<,18-:110116 (24), beyer-l5-en~5o<,17-dj;0116 (25),
and. 3~keto—18-acetoxybeyer~l5—eﬁ-l7-oic acidll (26), all Having
a normal oxyzenation pattern, occur naturally and have been

correlated with beyerol.

Stachenone” (13), isolated from Spirostachys africana, on

autoxidation in t-butanol containing potassium t-butoxide yielded
a diosphenol (27) wnich also occﬁrs naturally, The latter .
compound could also be formed by bismuth oxide treatment of a
third constituent, the o -ketol (28). Stachenone and the

product derived from its treatment with methylmagnesium iodide
gave 1,7-dimeﬁhyl and 1,2,7-trimet qylnneranunrepe respectively
after dehydrogenation thus establishing position 3 for the keto
grouping. Trans fusion of the A/B junction was demonstrated

by the molecular rotation differences of stachenone, the ketone (99)

*Synthesis of the ketone (29) was effected bv base catalysed

benzilic aecid rearranzement of the diosphenol (27). Lithiun
aluninium hydride reduction of the resulting hydroxy-acid (31)

t0 the corresponding diol then oxidative scission with periodate

generated the desired compound.
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and various derivatives, The results sus
of a 5B -hydrogen, 10K -methyl system since the rotational

difference

2]

were in the same sense a&s those in the daru‘tigenol18
(30) series but in the opposite sense to those of the naturally
occurring triterpenes. The rotatory dispersion curve of
A-norstachenone (29) being similar in shape and magnitude but -
antipodally relsted to 35B—dimeﬁhyl—A~nor-50<-cholestanoﬁe,

confirmed this assiznment.

11,12

The enantiomeric beyer-l5-enes [(+)-stachene (14) and

ant
(—)-—hibaenel4 (14 antipode)] have been isolated from botanically

unreleted sources. A sharply melting hydrocarbon, cupressenel9,
has been shownzo in fact to be a eutectic mixture of isophyllo-
cladene (32) and (-)-hibaene. On hydroboration of the beyerene
double bond and oxidation of the resuvlting secondary alcchols,
(-)-hibaene gave two ketones that differed markedly in reactivitylo.
The more polar ketone formed (33) zave g dinitrophenylhydrazone
and underwent the Baeyer-Villiger reaction whereas the less polar
isomef (34) was inért to the respective reagents. IModels show
that the ketonic function at C-16 is sterically more accessible
than that at C-15 which must account for the lack bf reactivity of
the less polar ketone. The rotatory dispersion curvelo of the
more reactive l6-ketone (33) was found to be antipodally related
to that of isosteviol. This regquired a similar relationship

to exist between the saturated hydrocarbons derived from

5

(—)~hibaene and isosteviol, walch was showm to be the case, The

a A 1

antipodal olefin, (+)-hibaene, has been identified by direct



32a | | 39




with ( )—“¢oaene and stachene, the latter
being derived from stachanone. the p ~epoxide (55) obtained

on peracid oxidation of (+)-hibaene iz identical to e constituent

14,21,22

1solated‘ from Brytnroxvlon monoyaui,

The proton magnetic resonsnce spectra of the’naturally
éccurring beyerenes exhibit an AB quartet centered around T 4-4
and having d typical proton-proton coupling constant of 5-5 c./sec.
These signals, intesrating for two hydrogens, are ch raoteristicl2
of the cié—disubstituted double bond in the five-membered ring.
Since no additional coupling cen be observed, the allylic carbons
must be fully substituted, further confirming the attachment of
the ethylenic bridge to two gquaternary centres. By analogy with

the magnetic anisotropy of the carbonyl function, this double

ificant shielding of

the C-10 methyl grouwp in the n.m.r. spectrum ’23. This effect,

bond in the beyerene skeleton causes a signi

;_:

wnich can be removed by hydrogenation or epoxidation, is
consistent with the 10-methyl group lying in the shielding cone
of the fr-electron system. This requirement is fulfiiled by the
trans-anti-trans configuration of the beyerene (14a) and
isophyllocladene (32a) sieletons but not by the trans-anti-cis
isokaurenes (36a).

A trioxygenated bveyer-l5-ene (37) having a 6P -acetoxy

1 ; .
grouping has been isolated 7 from Beyeria leschepaultii, The

presence of a kestone, a hydroxymethyl sroup, end a seconiery

acetoxy function was inferred from spectral evidence.
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Correlation with beyerol was achieved in the féllowing way.
Removal of the acetate and treatment of the keto-diol (38)
with benzoyl chloride selectively esterified the primery
alcohol,  Dehydration followed by removal of the benzoate
Qith methanolic potassium hydroxide gave 3-ketobeyer-6,15-
dien-17-0l (39) which on hydrogenestion and lithium aluninium
hydride'reduétion gave 3K ,17-dihydroxybeyerane (40);”
Preparation bf the latter compoﬁnd from béyerol was also .
effected. This evidence placed the ke%one at 3 and the
hydroxyl at 17. That the remeaining acetoxyl function in

(37) was sattached to C-6 was sﬂown by the following series of
interoonveréionsl7 (see Chart I). Solvolysis of the toluene-
p~sulphonate dérived from (41) gave a mixture of ZBS’IS and
Z256’li~&ienes (42) which proved to be inseparable. Lithium
aluminium hydride reduction of the mixture and selective
hydrogenation of the beyerene double bond followed by chromato-
graphy over silver nitrate-alumina gave the individuél diols
(43). Oxidation of the 1255—isomer (43a) gave the unsaturated
keto-acid (44) which could also be prepared from (45), a known
degradation product of beyerol. The cross-conjugated dienone
(46), resulting from dehydrogenation of (45) with dichloro-
dicyanoguinone, was alkylated with methyl iodide to give the
B—ketobeyer;l,5—dien—l7—oic acid (47). Selective hydrogenation
of the latter compound yielded the iesired zcxs—keto-acid (44).

The preparation of the keto-acid (44) f-om both sources



48 6B-OH 50
49 6X-OH




Bstablishment of the configuration of this acetoxy group
i

was deduced from acetylation experiments on the C-6 epimeric

triols (48) and (49). The isomer having the 6P -hydroxyl

was prepared by direct lithiuwm aluminium hydride reduction of
the acetate (37) whereas hydrolysis of (37), oxidation to the -
diketo-acid (50) and lithium aluminiuvm hydride reduction gave
beyer-15-en-3ck ,6eL,17=-triol (49). The 3K ,6p ,17-trioi (48)
gave the corresponding triacetate under mild conditions while
‘the 3K ,6{,17-triol (49) yielded only the 3« ,17-diacetate.
This requires that in the former, the natvral series, the
hydroxyl at 6 must be equatoriél.

A novel modification of the beyerene skeleton has recently
been reportedl7’24 following the isolation of the hydroxy-
carboxylic ecid (51). The 3,4-seco system, a feature previous j
unknown in the tétracyclic diterpenoids, has been shown by fission
of the 3,4 bond of certain functionalised beyeranes using routes
analogous to those devised for the synthesis of the 3,4-seco-
triterpenes. Thus photolysis of the 3~0x0-4,4-dimsthyl system
of stachanone (55) in aquecus acetic acid resulted in the
oxidative rupture of the C 3-C4 bond forming the saturated
carboxylic acid (56). Alternatively, an abnormal Beckmann
rearrangement has been utilised for the cleavage of ring A.

The ketoxime toluene~p-sulphonate (57) uniergoeé a S5-centre

25

fragmentetion reaction which resulted in the formation of

R}

tne



54 R=COOH or CHO | 59
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substituted cyano compound (53). fizzion

P
@
(/1
.;
t<,
oy

heterolytic
of the tosyl-nitrogen bond would give rise to zlectron deficient
nitrogen and result in the rearrsngement shown in (57) with loss
of a proton to an externgl base. The products obtained from
pnotolysis and abnormal Reckmann reactions have been correlated
with the seco-beyerene of naturel provenance, -

This seco-system has been further confirmed by use of (51)
in the syntheéis of the nor-beyerane (45). Cyclisation éo
generate ring A was achieved by the following reaction sequence.
The dihydroxy compound (52) was obtained from the natural
product (51) by reduction of the acid and preferentiél saturation
of the cyclopentene ring. Hydroboration of the isopropenyl
group gave the triol (53) which, after oxidation and cyclisation
by heating in acetic anhydride yielded the keto-zcid (45). The
latter compound probably arises from a nucleophilic displacement
of acetate from a mixed anhydride intermediate at C~3 by an anion
formed at C-4. The 1,3-dicarbonyl intermediate (54) so formed
could decarbonylate to the nor-ketone (45). This ketone has
been independently preparedl7 from beyerol.

Synthesis of the 3,4-seco-beyerane system has been effected
from 15,16-dihydroxy-3,4~seco-pimara-4(18),7-dien-3~o0ic acid (59),

. 26 . . . . . .
isolated from Beyeria brevifolia, by vond formation between

C-8 and C-16 to generate ring D. Conversion of the dihydrotriol

{(60) to the related diene (61) was carried out by periodate

cleavage of the vicinal zlycol anc treatment of the resulting




HOH ,C CH,OH

60 | 61 R=CH.OH

- 62 R=CH3

65
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nor-aldehyde with Wittig's reagant.

3

ransformation of the

alcohol (61) to the corresponding hydrocarvon (62), followed.

.

by hydroboreticn of this diene resulted in oxygenation of
carbons 7 and 16 forming secondary and primary hydroxyl
functions respectively., Oxidation of this diol (63) gave
the keto-aldehyde (£4) whaich on Claisen condensation bétween
carbons 8 and 16 generated ring b of 7-oxo—15p:&mﬂroxy—3,4—
seco-beyerane (65).

Thus to date, 19 diterpenoids of the Beyerané»class have
been.isolated. _These natural products together with their

melting points, rotations and sources are listed in Table I.
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The vast number and veriety of terpenoid compounds have,
with the advent of Ruzicka's Diogenetic Isoprene nule27, been
rationalised into smaller classifications of structural types.
Thus the diterpenoids are considered as arising in vivo from
geranylgeraniol (66) or geranyllinalool (67), formally written
as the result of head-to-tzil linking £ four 1,l-dimethytallyl
units.,

The biogenesis of the uetrac rclic Beyerane diterpenoids
must therefore account for the formation of the four rings from
the acyclic precursor as well as accommodate the known features
of the skeleton, namely, the {rans 4/B ring junction, the trans
relationship which invarizsbly exists between the C-9 hydrogen
and the C~10 methyl, and the axiai orientation of the ethylenic
bridge. In addition, the biogenetic scheme should encompass
other existing skeletal types which are sufficiently closely
related to éuéﬂesu 2 common biosynthetic pathway. Thus tetra-
carbocycllc diterpenoids having a bicyclo-[3,2,1] ~octane or
blcyclo—[S 2 2]—octape systems constituting rings C and D should
be included in the proposed schene,

In the currently held theory27’28, it is convenient to
visualise the cyclisation occurring by a stepwise process, Thus
the formal generastion of a carbonium ion at the terminél double

bond of the acyclic chain (C-4 of the products) (68) could

induce concerted formation of rinzs A and B of the bicyclic



SCHEME 1




3 Aol -+ 7 Fa i T 5 . .
Labdene intermedizte (69) (Scheme I), The carbonium ion (68)
night be regarded as the product from protonztion of the olefinic
bond or alternmatively, by anzlozy with the biosynthetic studies

. . ~ 2 . .
on the cyclisation of squalene 9, may be formed by the opening

o

terminal epoxide to give oxygsenation at position 3 in the
final product (well known in the Beyeranes).

The second step in the proﬁosed biogenesis is the generation
of ring C following formation of the bicyclic intermediate (69).

This may occur via the allylic carbonium ion ( ) which would be

[J

formed following loss of the pyrophosphate residue. Bond

formation from the sterically favouredzo A ~side of the exocyclic
double bond dve to attack by the formal electrophilic centre at
C-13 would yield the ion (71). This species could then
~ deprotonate to the natural AC&7’15 or Zf&8(14)’15—pimaradienes
(72) which occur with either possivle configuration at C-13.

That the cyclisation of the acyclic polyene chain probably

involves the proposed mechanism is supported by the in vitro

31

[\

experinents of Johnson”™ and van Tam e"len3 who have shown that
polycyclic products can be formed stereospecifically from acyclic
precursoré. Thus the non-enzymic cyclisations of (73)32 using
a Lewis acid catalyst zives rise to (74) in low yield (10%), and
the tetraene33 (75) gives rise to the tetracyclic product (76) in
yields as hizh as 30%. In addition to the steréospecificity of

the products, a degree of asymmetry can also be induced. Thus

the Lewis acid catalysed opening of the asymmetric aceta134 (77)







gives rise to cptically active products of the type (78) after
removel of the oxygenated side chain and oxidztion of the
hydroxyl group.

The @eneraolon of the bicyclic intermediate (69) in the

biogenesis by this concerted trens addition of the double bonds

immediaetely rationalises the stereochemical relationship between
the substituents on carbons 5, 10 and 9. Thus tn@ naturally
occurring labdanes, pimaranes and the diterpenocids formally
derivable from them, should conform to a trans-anti configuration,
or be related by a backbone rearrangement, Tais implication has
been fully substantizted by the sterecchemical elucidation of

the known polycyclic terpenoids of these types. A few compounds,
such as rimuene35 (79) and rosenonolactone36 (80), previously
formulated as having a trans-syn structure, have since been

shown to conform to the expected trans-aati configuration,

A route?® to the tetracyclic (and pentaoycl%p) diterpenes
(Scheme II) involving the ionic species (7la), generated either
from a suitably orientated pimeradiene or from the above
cyclisation (Schene I), has been proposed by Wenkert.
Flectrophilic attack of the formal cationic centre at C-8 on
the axial vinyl group, with anchicmeric assistance from the
€12-C13 bond would produce the non-classical ion (8la).

Collapse of the protonated cyclopropyl ring may result in the
formation of the beyercne (14), kaurene (36), atisirene (82)

sxeletons or altcrnab¢ve vy deuwotonao1on would give tracnylobane

(83).
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viozenetically relsated diterpsnoids, and from identification

-

the naturally co~occurring metabolites
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Sources, The detailed biosynthetic studies that have been

carried out on the mould metabolites from Gibberella fujikuroi,

are absent in the beyerene series, probably due to practical

ai

"‘:-

Ticulties in feeding and isolaticn of products associated
with higher plant systems. Although the latter biosynthetic
evidence, whnich has been reviewed elsewher939, does not directly

concern the beyeranes, the kaurane biozenesis follows the same

; 28 2 aepn s 4 ;
pathway  and differs only in the breakdown of Wenkert's non-

o

lassical ion (8la). Thus it is of interest to note that
givterellic acid and the intermedi=te kaurenclides have been
shor 39 to incorporate labelled geranylgeraniol (either free or
as the pyropnosphate) (66), labdadienol (84) and Z§§(14)’15-
piméradiene (72). That the gibberellic acid obtained from
‘these studies was labelled specifically followed from the

degradation scheme shown (in accoxrd with the proposed biogenesis).
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Indirect evidence of a similar nature csn be derived from

,40,41

M
(&

the in vitro scid catalysed cyclisations of bicyclic
labdenoids to tricyclic (pima: radienes) znd tetracyclic (beyerene)
products. r"hus manool (85), with agueous formic acid, geve a
mixture of [25 1 plmarualeﬁes (86) enimeric at 13 and the
tetracyclic alcohol (87)._ Bimilarly agathadiol (88) gave a
corresponding mixture of hydroxy p imaradienes (89) and the-
dihydroxy-beyerane (90). These cyclisations presumably proceed
through an allylic carbonium ion of the type (70) which, on ring
formation, would result in the cationic intermediate (91).

This latter ion mey deprotonate to give the tricyclic products

or permit further cyclisation with resulting formation of ring D
as prbposed in the biogenesis. However, the formation of ring D
in this instance would anpear’ 42 to follow an alternative route

to that proposed in the biozenesis. Thus the cyclisation of

the pentadeuteriomanocol (92) szave rise to the labelled product
-(93) by the proposed route (b) rather than by path (a) which
wouid give rise to a tetracyclic product having deuterium on C-14,
Alternatively the cationic intermediate (91) may induce a
poncerted methyl-hydride rearrangement to the rosane (or
enantiorosane) skeleton. This rearrangement has been obser ed4o 4L
in vitro by the isolation of the rimuene izomer (94) from the
products obtained on formic acid trestment of manocol (85). In
addition, the C-13 epimeric zﬁ&g’ls-pimaradienes (86) nave bveen
independently‘shown4l to yield the correzponding zﬁ§5(10>

rimuene (94).
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Bvidence dexriv

of constituents lrom

R

in support of this bio unetic schone, Thue Seyihroxylon
C 23 AP(14),15__, 33
monozymum furnishes the hydrocarbons ~pimaradiene,

(+)=hibaene, at isiJ ene (¢

rearranged hydrocarbon, devadarzene (97). These skeletal types

can be formally related through the carbonium ions (91) end (C1).
x 4
Devadarene, tozether with the related erythroxydiols Xz' (98),

Y44’46 (99) and Z44 (100) and the erythroxytriols =l (101) and

can in principle be derived from the ion (91)

by an extensive backbone rearrangzement, If, after rearranze-
ment, the methyl migration from C-4 to C-5 is ihcomplete,
deprotonation generates the cyclopromane ring, Confirmation
of the enantiorosane skeleton in these compounds nizs been

44 .

derived from a correlation™' of the erythroxydiols with

r

- X . A48
rosenonolactone and indevendently by X-rzy analysis™ .

o

It is interesting to compare the constituents of E, monczynum

with those of Thujopsis dolabrata since in both cases similar

tetracyclic and tricyclic compounds have been isolztied, In
the former, (+)-hibasne end erythroxydiol Y have the same
stereochenistry at 13 as expected but surprisinzly (-)-hibaene

. . o s 49 N
(14 antipode) and dolabradiene™” (1063), from T, dolabrata,

9,

although having the same 2bsolute sterecchenisiry (enantiomeric

with that from R, monorvnum) differ in their configurations at (-1

A
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105 Ri=H, Ry=CHy ,Ry=0-CHy,B-OH 109 Ri=H, Rp=CH,OH
106 R=0Ac ,R,=COOH ,Ry=CH, ;:? gfgiﬁzgf(gé ]
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This has been proved by a direcct comparison of the tetracyclic

. 50 . Lo e
nydrocarbons and by & correlatlon5 of erythroxydiol Y with

L(‘V

dolabradiene, This suzgests that formation of

En
v

he presumed

pimaradiene precurson in T, dolabrata is non-stereospecific and

that each pimaradiene is metabolised in the biosynthesis of only

one of the two compounds (14 antipode) and (103).

etracyclic diterpenoids, or

da
A

Exemples of bicyclic and
tridyolic and tetracyclic diterpenoids (althoush not all fhree
skeletal types) occurring together are knowm, This is nov
wnexpected if such compounds follow a common biogenetic pathway.
Thus labderoid (bicyclic) (104), kaurenoid (tetracyclic) (105-
108)vand trachylobanoid (pentacyclic) (109-112) constituents

. . 1. \ . .
have been 1solated5 from Trachylobium verrucosum, Again,

T2 (s,

the unusuzl 3,4-secobeyerene from Beyeria leschenaultii,

has a close parallel in the 3,4-secopimarene (59) which has been

isolated26 from B, brevifolia. A further example of diterpenoids

with the labdane and kaurane skeletons occurring naturally has
“been found in the Australian Euphorbiaceaesz; These, in many
cases, not only possess the same relative stereochemistry but
al et 4-1 7 . 4 51 '

80 nave tne same oxyszenation pattern” ., Thus the kaurene and

beyerene diterpenocids from Helichrysunm dendroi&euml6 have oxygen

functions at 3, 17 and 18 as well as the trans fused A/B ring
fusion,
The structural relationship of the hibaene (beyerene) skeleton

to those of kaurene, atisirene and trachylobane has been




114

115

116



demonstratsd chenical 11y by their zcid catalysed interconversions.
Thus trecumoa—55’5 of (+)uhik wene with dry Hy drogen chloride
""lted in the formation of kaurene-isokaurene and atisirene-
‘isoatisirene. The product mixture can be oonsideréd as
resuliing from rearrancement induced by a formal cationic
centre at C-16. Thus the ion (114) on mizration of the G 12—.
C 13 bond would yield the thermodynamically morekstablé tertiary
carbonium ion (115). This latter species on deprotonation can
give rise to the major oproducts, the kaurene-isokaurene mixture.
If, however, a 1,3 hydride shift (from C-12 to C-16) occurs in
the proposed ion (114) followed by a mizration of the C 13~ C16
bond to the centre of electron deficiency now at C-12, the
tertiary carbonium ion (116) would result. This could then
yield the atisirene-isoatisirene mixture. The proposed mechanism
would also account for the results obtained on solvolysis of the
toluene-p-sulphonates of substituted 16#3—njdroxy-beyerane355 as’
well as the boron trifluoride catalysed opening of substituted
beyerane—lS(16)—epoxides5 ’57. The conversion of a hibane
system to a trachylobane skeleton reguires more energetic
conditions. This would be expected since a cyclopropane ring
is generated. Thus the decompositi0n58 of the tosylhydrazone
of isosteviol methyl ester (117) zave methyl trachyloban-18-ocate
(118) tozetner with methyl kauren-1S8-oate and methyl isokauren-
18-ozte. The trachylobane-hibaene59 and kaurene—hibaene57

rearrangerents heve also been reporied, Thus trachylobene,







of merchloric acid, vielded the beyerane, kaurane and atisane
carboeyelic skeletons, Vevrene in refluxing xylene with iodine

nat the

ch

as catalyst gave hibaens, it has been observed
cém;ositionvand nature of the products formed in these and
related interconversions (atisirene-kaurene and trachylobaﬁe- -
vatisirene)54 vary both with suﬁstrate and with the conditions
employed, This sugzests thét equilibrium befween the dif}erent
skeletal typesAis not readily attained end eliminates the
pos3ibility of & common'ionic intermediate., Hence the non-
classical ion'(81), proposed in tﬁeir biogenesis, cannot, at
least in vitro, exist to any appreciable extent,

.Iﬁ would therefore appear from in vitro interéonversion
of the polycyclic diterpenoids and from evidence derived from
ce-occurring metabolites that the biogenetic pathway proposed
is substantially correct, even although biosynthetic evidence

is at present lackingz,



2, Tﬁe Constituents of Erythroxylo‘n mohcg:ynum Roxb. .






he constituents of

!

tree native to Ceylon and certain areas of India ", have in
recent years been the subject of much investigation,
groups of workers, oﬁé in Glasgow, the other in Poona, have
’éhown the timber to be a rich source of diterpenoids cenfcrming
to the beyerane and enantiorosane skeletal types.

When the present study was commenced four diterpenoids
of the beyerane type had been pésitively identified. These
constituted a hydrocarbon [{+)-hibaenell’l2’14 (l4ﬂ , an

14,21,22 (35ﬂ s an alcohol

epcxide R+&—hibaene epoxide
[erythroxylol attrt? (monogynolls’l4)(l5ﬂ , and a diol
[érythroxydiol All’12 (hydroxymonogynoll4)(23i]. The hydro-
carbon was identified by correlation 2?14 with both (+)-stachene
and (—)~hibaene, whereas the epoxide could be readily

4,22

syﬁthesisedl" by treatment of (+)-hibaene (14) with either

perbenzoic acid or monoperoxyphthalic acid. The structure

4

of the diol (23) was confirmed by a direct comparison1 of

the derived dihydro-diacetate with an authentic sample1 of
17,18-diacetoxybeyerane, Identification of erythroxylol A1
vas effected by (a) reduction of the alcohol to the corres-—
ponding hydrocarbon (14), and (b) defining the position and
orientation of the hydroxymethyl group as C-4 and axial from
spectral and pKY (cf 1sos»ev1ol7) measurement

In addition to (+)-hibaene, the rocarbon fraction was

< ‘l .
later shom™® %o contain JAN 3(14), -pimaradiene (72),



98 R=C”l'-i(OH)'CH20H : 100 A3 - isomer

80




atisirene (82), isoatisirene (96) end the rearranzed pimaradiene,
devadarene (97). The occurrence of five diterpenoids related

to devadarene has a2lzo been reported. These are erythroxy-—

i

aiol x4 (98), erythroxydiol v*314 (99
A6

/
101) and 45,46 (102),

), and erythroxy-
1. 43 — e s
diol Z77(100) and the erythroxytriols PT° (
the latter occurring naturslly as its 1l «-acetate. The
enantiorosane skeletons have besn confirmed by correlatiozj.A'3
with rosenonolactone (80) and the position of the cyclopropane
ring in (97), (98) and (102) determined conclusively by Z-ray
analysis47, The X-ray structure analysis also served to
define the stereochemistry about C-15 of the hydroxylated
side chain.
The followinz discussion concerns the structural elucidation
of five new Beyeranes isolated, as further constituents, from
"the light petroleum extractive of this tirmber.
. a 12 : .
Chromatography of the crude extract™ ™ over alumina and

elution with light petroleum gave a hydrocarbon fraction from
which (+)-hibaene was isolated., On increasinz the polarity
of the eluvant [ether—light petroleum (1:3) and (l:lﬂ a, complex

. Lo, o112 s s v . tose .
oily mixture™ was obtained which contains (+)—nloaene epoxide.

. . I . 22 \
This mixture, afier further chromaiography ~, gave 4 K -hydroxy-
. 22 o

18-norhibaene™ (119), b.p. 90°/0-02mn., [o(] ;+25°, end a less
complex mixture from which, after preparative t.l.c. and
crystallisation from methanol, erythroxylol A acetate

R 2 e} 44 0 2 !
epox1de2d (120), m.p. 143-5-145", [C<]3+*4'7 , was isolated.




120 R=CH,0Ac 15 R=CH0H , Ry=CH,
124 R=CH,0H 122 Ri=CHy , Ry=CH,0H
123 Ri=CH,OAc, Ry=CHy
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Subsequent elution of the crude exiract with ether aflorded
the largest single (erystalline) fraction whi;h on crystallisation
from pentane gave erythroxylol A (15). Gredient elution
chromatography12 of the mother liquors yielded initially
erythroxylol A with traces of 4ﬁ-&wdroxy—lB—norhiﬁaenezz (121),
then a second diterpene alcohol, erythroxylol 312 (122), m.p.
121-5-123°, [c(JD+67O. The nor-alcohol (121), m.p. 114-116°,
[c‘]D+49O, pfesent in only very small arounts in the extréctive
was isolated in the fellowing way22. Repeated removal of
erythroxylol A from the crude crystalline chromatographic
fraction then mild acetylation of the mother liquors (such that
only the primary alcohol reacted) gave the now easily separable
mixture of the nor-alcohol (121) and the far less polar
erythroxylol A acetatell’l2 (123). From the compounds more
polar than érythroxylol Bf[methanol—ether (l:99ﬂ, but less polar
than the erythroxydiols®, erythroxylol A epoxide’ (124),

m.p. 115-116-5°, [°<]D+18-5°, was obtained.

Ervthroxylol B.

Erythroxylol B (122), has analytical and mass spectral data
(pargnt m/e 288) in accord with the‘molecular formula CZOHEZO’
isoméric with erythroxylol A. That it possessed a hibaene
skeleton having one methyl oxygenated apreared likely from its
n.m.,r, spectrum which shows, in addition to three quaternary
methyl‘signalé [BH, S, T?9c25, 9.18 and-9'13], an AB quartet

[ZH, T6.52 and 6-50, J 10 c./secJ attrivuted to a hydroyvymethyl




122 R=H ' | ..‘127

125 R=Ts
126 R=Ac



Furtner, since neither of these guartets evidence any additional
coupling, it mey be concluded that the allylic carbon atoms of
the double bond are fully substituted and that the primary
hydroxyl function is attached to a tertiary centre., This
latter conclusion is substantiated bty the mass spectrum which,
lacking a peak due to the loss of water, exhibits a significant
13 ‘ = n Loas ER 1 Fa e '63

peak at m/e 257 (1-31) attribuited to the loss of CH2OH .

' . s R 11,12

Confirmation of the (+)-hibaene sicleton was obtained
by lithium aluminium hydride reduction of the derived toluene-p-
sulphonate (125) which partially regenerated the parent alcohol
and also afforded a hydrocarbon, identical in gll respects with
an authentic sample of stachene.

That erythroxylol B is 17-hydroxyhibaene can be deduced

' . . . . 12 ... ,
from the following oxidative sequence which related the
. N . . 1 .

hydroxymethyl grouping to the ethylenic bond™. Osmylation of
erythroxylol B acetate (126) in ether resulted in the formation
of only one triol monoacetate (127)[ CZ,04c, ABq, T6-10 and
5.81, J 11 c./sec.] which,lacking signals in the vinyl region,

shows 2 new quartet [ZH, T6-21 2nd 5+80, J 7 c./sec.] consistent

. |
with the partial structure —C',‘-CH(OH)-CP:(O*?) C-. Tt was found
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WOl up was es follows. The ether

solution was concentrated by careful evanoration under reduced

.-

rressure, diluted witn benzene then hydrogen sulphide paszed

ot
,_J'
-]
<k
b
.

o
1]
O
—

in for 1 to 2 hours'un ution was saturated. Hitrogen
was then éassed through the solution to remove excess hydrogen
sulphide, This appcared to accelerate the coagplation and
precipitation of the osmiﬁm sulphide since the résulting clear
solution could be decanted, Filtration of the solution and
evaporation of the solvent gave crystalline materizl which

yielded the desired product (71%) after chromatography to remove

small amounts of a mors polar product.

e

The infra red spectrum of (127) is interesting since it
shows both free and intramolecularly hydrogen bonded hydroxyl
.[ \)max(0014) 3532, 3504 and 3445 cm."l] and carbonyl [\)

1744 and 1719 cm.~1] bands. That osmylation had occurred on

mall

*This work up in benzene is supsrior to more usual procedures
since these can give rise to colloidal osmium sulphide which is
difficult to remove., It was also found that work up of the
reaction mixture with agueous sodium bisulphite resulted in the
isolation of a greenish foam, presumably the osmate ester.

This material (only readily soluble in chloroforn and benzene)
on H28 work up in benzene gave rise to a mixture containing

predominantly the triocl nonoacetate (127).






the less hindexr DQFB ~face is provable since the corresponding
acetonide acetate (128) [({gw)z =, 33, s, [8-73 and 8-59;
~CH(0R)-CE(OR)~, 24, ABq, T 5-80 end 5-42, J 6 c./sec.: \)
(0014) 1742 cm,” (aceta%e)] was readily formed at room
témperature by treating the diol (127) with anhydrous copper
sulphate in acetone. Examination of molecular models suggesté
that more forcing conditions would be reguired td form the.
extrenely hindered ,-acetonide if, indeed, it would form

at all,

Cleavage of the diol (127) with sodium periodate generated
the unstable acetoxy-dialdehyde (129) [two 1H singlets, T0-68
and 0-26 (0014): Ve (001 ) 1753, 1228 (acetate) and 1725 cm
(aldehyde)] wihich is best kept at 0° under nitrogen. The
a2ldehyde resonance at T0-68 is high for an axial Nroup1n¢64
but since the original double bond was of the beyerene type,
both aldehyde groups must of necessity be axial._ The dialdehyde
is formed in the reaction together with an unidentified more
rolar (t.l.c.) compound. Sublimation of the crude reaction
products yielded solely the dizldehyde, wnhile the residue
contained a higher proportion of aldehyde than the initial
- mixture, This would suszest that this second p*oaact is a
hydrate or methanol adduct of the type (130), which, on thermal
treatment, can regeneraté the acetoxy-dialdehyde (129).
he

Jones oxidation of the dialdehyde or alternatively t

acetoxy-diol (127) afforded a preduct whose infra red spectrum



131 R=CH,OAc S £
136 R=H

134 R=CHs
134a R=H




[ V (601, ) 1802, 176¢ (anhydride), and 1758 cm. -1 (acetate)]

showed it to be the substituted gluiaric anhydride (131) rather

=4

than ths correspondiny dicartorxylic acid. That the cyclic
anhydride was obteined, furmished additional proof for an
in erythroxylol B.

wsaturated five-memizered rina

O
Base catalysed hydrolysis of the acetoxy-anhydride gave
the corresponding hydroxy-dicarboxylic acid as a foan. Treat-

-

ment with diazomethane and precarative t.l.c. zave the crystalline
dimethyl ester (132) [(er%oco)z, 34, s, L6-46 and 6a35]which
exhibits intramolecular hydrozen bonding to one of the methoxy-
(0014) 35640 2nd 3540 (hydroxyl), and

1728 and 1706 cm.-l (ester)]. Additional evidence thst

carbonyl groups [
gL &Toup \)max

oy
jsa]
o

. al

73]

hydrolysis of the acetoxy grouping o occurred was
obtained from the n.m.r. spectrum, where it was noted that

the signals from the C-17 methylene protons had altered from

a quartet [2H,T:5-99 and 5-61, J 10 c./sec.] in‘the acetate
(131) to a singlet [23, 'E6'62] at higher field in the alcohol
(132). Oxidation of (132) with Jones reagent generated the

carboxylic acid (133), which shows a broad asymmetric carbonyl

band in the i.r. spscirum [\) 1725 cm.—l; Zf;u% 60 cm.—lj.

riax

Q.

Decarboxylation of this substituted melonic acid half-ester (133)

readily occurrsd on pyrolysis at or above its melting point,
giving cnly one of the possible C-13 epinmeric nor-diesters (134)

[\) 1722 cm.-l; ZXUiBS'cm.Fl] wnich shows two methoxy-~

carbonyl signzls in the n.m.r. {SE, 2, '[6'47 and 6-58].
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It was found thot the decarboxylation could be conveniently
carried oui in a partially evacuated sublimation tube, After
approximately five minutes, bubbles, pres UﬂaoTy carvon dioxide
eyolution, could no longer be observed in the melt, Re-
evacuation of the tube permitted sublimztion to occur so that.
the product could be readily isolated.

In an attempt tc determine %he stereochenistry at C-13
for the nor-diester (134), it was assumed that ring cleavage,
under mild conditions, of the derived anhydride (136) would
lead to the diaxial acid (155). Esterification would then
give an ester identical to, or epimeric with, that obtained
in the decarboxylation step. It was found, however, that
saponification of (134) in either aqueous methanol or aqueous
dioxan resulted in the formation of more than one product (two
elongated overlapping spots on t.l.c.). Since furtner base
treatment produced no chanze in product composition (t.l.c.)
it was assumed that hydrolysis was complete, The i.r. spectrum
of this mixture shows a broad hydrégen bonded absorption bétween
3480 and 2500 cm.al chayacteristic of a carboxylic acid function.
Eowever, the n.m.r. spectrum shows two singlet signals at
T6-48 znd 6-33 (0014), which toéether integrate for three
hydrogens., Tais would imply that a2 very hindered ester grouping
is still presantlo in each product. It would therefore seem
plausible that base has induced hydrolysis at the less hindered

C-13 methoxycarbonyl sroup together with epimesrisation at vhat



centre, HZence the Two siznals in the n.m.r. can be attribuied
to the seme awmicl ester grouping which iz situated in
negnetic envirorments, one with the czrboxylic acid (at 13)
equatorial, the other with the acid axizl.

The identity of erythroxylol 3 having been satisfactorily
confirmed, furt her attempts to identify the components of the -

hydrolysis mixture were sbandoned.

Two Diterpene Zpoxides,

During the isolztion of erythroxylol B it was noted that

four minor constituents, later showm to be two epoxides and two

tertiary alcohols, gave a characteristic colour reaction on t.l.c.

i

After spraying the t.l.c. plates with a sclution of ceric ammonium
sulphate in dilute sulphuric acid followed by heating in an oven,
these four compounds each stained a vivid transient blue.

From the spectral features of coumpounds (124), C?Od3202,
it was evident tha

and (120}, both were naturally

Cz2n5403,
occurring epoxides since both show gbsorption at 850 cm.
(cc1 4) in the i.r. In addition, their n.m.r. spectra (CCl 4)
show AB quartets at T 7-17 and 6:80, and T 7-14 ‘end 6-76

) . .14,22
n1ogse 1ouna ior

i

respectively (J 3 c./sec.) similar to

U)

(+)-hibaene epoxide. Epoxide (124), showing C-methyl
resonances at T9:09, 9:09 and 9:03, and epoxide (120),showing
nethyl siznals at T9-05, 9:04 and 9-02, differ in that the

former is an alcohol [\)va 362

Ul
&
Qa
)_J
@]
)
@)
Q

. )5 ¢
max : CEQO » A3,
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120 R=Ac
124 R=H




T6:63 and 6-39, J 11 c./sec.] and the latter an acetate
[‘)m,x 1743 end 1243 em, ™1 € OAe, A%q, T 6-17 and 5-80,
J 11 c./sec.; OOOCE, 1:8-04]. in additional feature of
both n.m.r. spectra is the hish-field signals which constitute
the upper half of an AB quartet. These at T 9.58 (J 11 c./sec.)
in (124) and T9-57 (J 11 c./sec.) in (120) cen be attributed 65
to the l4e<—nroton of the bev rane skeleton which is shift?d
upfield due to the snielding effect of the epoxide ring
Interrelation of these two compounds was easily effected
since lithium aluminiom hydride reduction of the acetate (120)
generated the alcohol (124) almost quantitatively. The
structure and stereochemistry of the epoxides follow from the
synthesis of (120), Erythroxylol A acetate (123), when kept

ormed into the corres-—

iy

with m-chloroperbenzoic acid, is trans

in]

ponding epoxide in high yield, This proved to be identical to
the epoxide of natural provenance by comparison of spectra,
nixture melting poiht and optical rotation, The formation

of the P -epoxide is predictedl since oxidation should take
place on the less hindered side of the double bond.

The epoxide (124) is completely stable to lithiuvm aluminium
hydride in refluxing tetrahydrofuran. Ring opening Caﬁ be
effected only vy adding lithium aluminium hydride to a solution
of the epoxide in ether, allowinz the ether to distill off,
then fusion of the resuliing mixture overnight. In this way,

0l (137), derived

s,
1.

one diol, m,p. 212-2137, is Formad. This
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CH,OR,
137 RiR,=H
14 Ry=RymAc
142 Ry=Ac,Ry=H
143 RizH , Ry=Ac




from erythroxylol A cpoxide, wroved to be identical to onme of
the products (15 S5p 1~ -dirydroxyhibene) obiained on hydroboration
of erythroxylol A; the otlizr hydrotoration ;rcduct was formulated
as the 16B,18-diol (138), Zince only the 15p ,15-diol was
obtained from (124), this is consistent with trans opening of
the epoxide ring with hydride attacl at the sterically more
accessible 1l6-position of the
| Allocation of structures (137) 2nd (138) for the two diols
from hydroborauwon followed from the optical rotatory dispersién
curves of the derived 15-ketone (15/) and l6-ketone (140) wnich
were found to be similar both i
in sign, to the values quotedlo for the 15- and 1lé-keto-(-)-nibanes
of known structure and configuration. Acetyletion of the 158 ,18-
diol (137) with acetic anhydride and pyridine afforded a mixture
hich, after repeated preparstive t.l.c., gave four major products,
including recovered starting material, Of the acetylated material,
the least polar product (t.l.c.) was the 158 ,18-diacetate (141)
(23%, based on diol consumed ) wﬁose structure follows from analytical
(C,, H..,0,) and spectral [\) 1725 cm.-l} data., Thus the n.m.r,
24 38 4 max .
spectrun shows a singlet at T7-97 (€4), an AB quartet 2t T6-15
and 5.80 (J 11 c./sec.) end two broad, unresolved, low-field signals
at T4-79 and 4-67 (1 1) consistent with the presence of primery and
secondary acetoxy groups. he two isom:sric monoacetal

analysing for C H’6 ., can be distinguished from their speciral

features. The less polar 15p -hydroiy-13-zcetate (142) (4G:%)






v

at TT-97 [‘“ OCO] and en vnresolved multinlet ai T575 [CE(OE%

1730 cn. shows in the n.,m,r, & thres proton sinslet
mex

superimposed on the siznals attriduted to the C-18 methylene-
acetoxy group [C 2OAc, ABq, T6+19 and 5.77, J 11 c. / ]. The

more polar, isomeric primary alcohol (143) (10%) also shows the

features of an acetoxy function in the i.r. [\)way 1725 cm._l]-
and n.n.r. [BH, s,'C7-99]‘spectra. Hers, however, the lHX-proton
T4-78

gives rise to two unresolved signals at ouch lower fizld [
and 4-65] whereas the C-18 methylene protons appear at T6
6+29 (ABg, J 10'5 c./sec.) consistent with the assignment of a

primary alcohol group.

Jones oxidation of the 15 -alcohol (142) gave the corres-
-1
ponding 15-ketone (144) [ sy 1726 cm. ‘] which shows the C-18

methylene protons at T 6-10 and 5:68 (ABq, J 11 c./sec.) in the

. .

n.,m,r, Similar treatment of th l6;3—a7ﬂopol (145) yielded the

. - -1
more polar lh-ketone (146) whose spectral Ffeatures [\)rat 1732 cm., "
ez

CE,OAc, ABq, T6-12 and 5:76, J 11 c./sec. ] are similar to those of
the 15-isomer (144), and illustrate the close siructural reiaticn-

nip between the two ketones. Comparison of the i.r. carbonyl

frequencies and chromatoplate mobilities of (144) and (148) with

0 . - ..
those quotedl or the corresponding ketones derived from (-)-hibaene
lend support to the structures postulated. Regeneration of the

free hydroxyls from (144) and (146) was effected, in ezch case,
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by hydrolysis in refluxing agqueous methano

thus formed again show similar speciral features. Thus the



139 R=H
144 R=Ac

141 R=Ac

143 R=H




~ . - . - ~1
carvonyl frequencies at 3524 znd 1723 cm. rzzpectively, as
s _ o -1
does the lé-keto-isomer (140) [\)wmv 3622 and 1730 cm. ].
2aiCled

The rotatory dispersion curves obpiained for the ketols (139)
énd (140) prove beyond doubt the identity of these isomeric
compounds and hence piove the structures of the diols from
waich thsy were derived..

A significant feature of these ring D functionalised
compounds, iz the marked deshielding of the 15%-proton
cbserved in the n.m.r. spectra. Thus the signals attributed

o the 15X ~proton in ihe-lé-ke%o—lS—acetate (146) and the

cl

5

16-keto-18~2lcohol (140) appear, in each case, as half of a
geminally coupled quartet at T 7-34 and 7-32 (J 19 c./sec.)
respectively., These signals have, in addition, .a smaller

icant coupling of approximately 15 c./sec.

d-
oy
Q
oy
w
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The up-field half of these quartets (due to the 15p ~proton)
is obscured by the methylene envelope. By comparison, the

L

C-16 protons of the correspondinz 15-ketones (144) and (139),
which should also appear as an AB quartet, are observable
only as unresolved mmliiplets at T 7-99. As has been noted

previously, the n.m.r, spectrum of the 15;5,18-die te (141

and the l8-hydroxy-15p -acetate (143) voth show the 15 -proton

2

as two wanrssolved sizgnals at T4-79 and 4:67, and T4:73 an

4+ 65 respectively., These signals are lower than might be

SRS L9

anticipated [of. the C-18 methylene protons in (14 1) centered



at 7:5'97]. Again the 1det-protons of the 15B ,18-diol (137)

and the 158 -hydreoxy-li-zcebats 142) sppear, in esch case, as
an wnresolved signal at T3.75. Tois is zloo lower than
expected since the 16 -nyiroxy-18~ocetzte (145) has the
unresolved léA-proton signal at TH+25., These specira show

that the signels due to the 15X ~ &nd 16X -nrotons ere broadened

by the same small coupling observed in the lé-ketones (146) end

(140). In all the above cases, the siznificant deshielding of

the 15« ~proton is attributed to the severe steric interactioﬁ
that this nydrogen undergoes with the C-10 methyl sroup which is
apparent on examination of molecular models., The smal
coupling obssrved is consistent with anleng range
14;3—proton througzh a co-planar \AJ cenfiguration ., This
deshielding effect would appear to be CJaracterisfic of this
particular type of system and provides additional proof of the
B —orientation of the epoxide ring in (120) and (124).
half of the signals (15« ~H) attributed to protons on the cis-
disubstituted epoxide rinzg are éarkedly deshielded,

Two Nor-diterpene Alcohols.

The close structural relationship between the two isomeric,

0, nor-diterpene alcohols (121) and (119) [\) 3612 end

C19H30 max

. e -1 . . h .
918, and 3613 and 935 cu. respectlve_y}, isolzted from the

E. nonogvnum trunkwood, was evident from their mass speciral

Sasd

B

differences in intensity of only a few peaks; in each case, one

-
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150
151 AL isomer
- 152 Nvisomer



of the most intense peals, at m/e 256, was indicative of a
facile loss of wzter., Zoth compounds, being inert to aceiylation

and also lacking siznals in their n.m.r». spectra attributeble to
carbinyl protons, must contain tertiary hydroxyl functionsz,

The n.m.r, spectrum of (121) shows an AB guartet [2&, T 4-58
and 4:34, J 5:5 c./sec.] typical of the cis-disubstituted double
bond of the hibaene skeleton in eddition to three gquz L“fnaﬂ“
C-methyl resonances [ H, s, £L9-30, 9-01 and 8-8%}. Simi la:lJ

B

119) exhibits the same spectral features

[ZH, ABq, T4-63 and 4-35, J 5-5 c¢./sec.; 3H, s, T9-15, 9-04 and

ci-

8'91]. Since one methyl signal is down-field, in sach case, 1

-

appeared likely that the compounds were the epimeric C-4 alcohols

based on an 18-norhibaene skelston.

Structurasl assignment of the isomeric alcohols wes provided
& b

by the following dehydration experiments., Treatment of the

alcohols with phosphoryl chloride and nyridine gave the same three

isomeric C dienes (150), (151) and (152), ocut in different

H
19723
proportions, The diene (150), which could be separated from
the two other isomers by prerarsztive t.l.c. on silver nitrate~

~

4(19),15 D
impregnated silica, was formulated as the [CX'< 9)’ ’_norhitaens.

This is in accord with both i,r [\) 3080 ara 820 cm. -1

Pd

ter spectrum shows tvo

(exomethyl ene)] and n.z.r, data. The liat
broad sinzlets at T5-95 and 5-36 (1H each) together with only

25—

N . . - o . \
two tertiary methyl signals at T9-44 and 9.C0, The diene (152),



from the tetrasubstituted isonmex (752) only on g.l.C. Avsorption
around 'E4»50, superimposed on onals due to the hibzene
double bond, is consistent with the presence of a trisubstituted
double bond in this compound.

67,68

There is ample evidence from dehydration studies on

steroidal tertiary alcohols that, under similar experiments

v

. . L TR} IR}

conditiocns, elimination with these rea eﬁts reguires a co-planar
transition state. 32y analogy, the isomer having the axially
oriented hydroxyl group would, by a trans diaxial elimination
of water, be expected to generate all three alkenes but with

~

. 63 . . .
most highly substituted isomer in predominance ., The epimeric
alcohol, having an equatorial hydroxyl group with only the C-19
re yl hydrozens capable of an antiperiplanar configuration,

should therefore yield mainly the compound having the exocyclic

ouble bond. The alcohols were assizned configurations (119

and (121), since the [Cﬁ“‘19) 15 123 19, and 125'17 dienes

were formed in the ratios 1 : 1 : 12 and 2 : 1 : 1 respectively
(as estimated from gol.c.). The product ratios found probdably
reflect the relative anounts of the respective dienes actually
formed in the resction since the exocyclic diene (150) could be
recovered comnpleztely unchangzed after being resubmitted to the

dehydration condition.



119 R=OH
153 R=COCHA4 156
164 R=CHO

155 R=CH(OH)-CHy




It wes honpe

obtained by 2o sy
e _.thTOVi 10-’ A v-'a O OTTATY. _"17—‘ neyma et A m S e £ 3 . 3
J Lol via a Baeyer-Villizer oxidation of the derived
1,

methyl ketone22 (153).  The aldehyde : (154) witl

magnesium lodide was converted into a mixture which, after

major product. This on crystallisation fron m

0]
par
2
o]
et}
o
s/l
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: . . 0 . iy .
colourless solid, melting over 17, consistent with its bein:

a mixture of two compounds epimeric at C-18.,  This carbinol

-

mixture [{)
nax

- =11 s s .
3620 cm, shows in the n.n.r., a one proton

quartet at T5-71 (J 6 c./sec.) and a three proton doublet ab

o]

T8+9¢ (J 6 c./sec.) confirming the presence of the grouping
i
~C-CH(OH)-CH, .
I 3°
Oxidation of the alcohol (155), which destroys the centre
of asymmetry, resulted in
. 22 - 0 s .
methyl ketone (153). The latter compound exnibits, in
addition to three quaternary methyl resonances at T9-47, 9-01
and 8:94, a sinzlet at T7-94 (3H) due to a methyl group adjacent
to, and hence deshielded by, a ketonic functiion. The high-field
resonance at T9:47 is attributed to the C-10 maunyl group which
is diamagnetically shielded by both the carbonyl and clefinic
centres. Surprisingly, the carionyl group zives rise to two
e e a e i s ' =17 ...
absorption bends in the i.r. \Jmay 1703 and 1696 ca. which
may poszibly be 2ue to rapidly interconverting rotamers (ring A

chair) or conformational isomers (ring A distorted boat and



~1 - .
(156) EDﬂ 850 cn. y 21s0 formed in mincr ancunts during .
nax '

N

in agueous zcetic acid, In accord with the

B

reduction in shielding of the 10-methyl zroup on epoxideiion

of the double bond, the three quaternary methyl signals nowv

~-

appear at T9-27, 9-00 and 8-90. In addition, sizaals at

TT7-12 an

QJ

670 (2K, ABq, J 3 c./sec.) are consistent with the

presence of the B -epoxide ring, as are the hi:h-field signals
-~ 7/ ' } A . )
at T9:56 (J 11 c./sec.) due to the liX -proton., Again the

i.r. spectrum shows two bands at 1705 and 1498 cm, ~, similar

in nature to those observed for the methyl kesione (153). In

- en endeavour to induce the Baeyer-Villiger reaction, catalysis

P L

. ‘o e . S
with sulpturic ac1d7 wes attempted. This has been found %o

5

2 ‘s . . , .
be successfu17 for the oxidation of the l2-ketocsiteroids winich

Oq

are normally res tart to peracid. Eveﬁvﬁﬂder these forecin
conditions for conversion of (157) to (158) no reaction ccourred
at C=20 presunably due to a screening effect of the adjacent
acetoxy funciion. TUnder these reaction conditions, the keto-
“epoxide {158) was converted into a complex mixture of polaw

2 AL

compounds which probably emanate from the acid opening and



rearrangerent of the ernoxide »rin

products

e ) P L3 el - L o 2 I
Although the partial synithesis of The nor~diterpene

! gt A £ "
s, the presence of the nor-

3 il - 1, 22 .
alcokols {121) (4%) and (119) (4race) has bsen shown““ in
the complex product mizture resultiing from trestment of

erythroxylol A (15) with chromic acid in an acctic acid
medium, The formation of theze unexpected products which
must arise from oxidetive scission of the C 4 -~ € 18 bond

will be discussed in greater detail in Section B..

o~
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Ielting pointz were determined on a Xof

ler hot-stage
apparatus., OSpecific rotations refer to chloroform solutions
at room teiveraturs. I.r. solution spectra were invarisbly
recorded in carbon tetrachloride (0+1 mm. cell) in the section
dealing witl: the nor-diterpene salcohols. In the seciions
dealing with erythroxylol B and the epoxides, chloroform .
solutions were used unless otherwise stated. These spectra
were recorded on Perkin-ilmer 257 and Unicam SP 100 Mark iI
srectrophotoneters, In the section dealing with the nor-
diterpene alcohols the n,m.r, spectra were invariably recorded

in carbon tetracnloride solution, In the other séc%ions, the
n.,m.r. spectra were recorded in deuteriochloroform unless other-
wise stated. These spectra were recorded on Perkin-Elmer .
R-10 and Varian Associates HA~100 specirometers using approx.
0+3m solutions and tetramethyl silane as intermal standard.

Mass spectra were recorded with AEI-GEC MS 12 mass spectrometer.
Analytical gz.,l.c. separations were performed with Perkin-Elmer

‘F 11 ana Pye-Argon chromatographs using 2¢5% SE 30 and % OV 22
columns respectively. Data were recorded with a LKB 9000 gas
chromatograph-mass spectrometer by use of a 1% SE 30 column at

(o)

1757,

Woeln Grade I alumina (neutral) deactivated to the appropriate
grade according to Brockmann, and Merclk Grade H alumina was used
for chromatography. Kieselgel G (ierck) was used for both

anziytical (0-25 mm.) and preparative (0-5 mm.) t.l.c.



©.1l.c. plates were gprayed

a solution of ceric ammonium

ed sulphuvic acid (50 ml.)

- . . =0 o o
diluted to 500 wl,, and then warmed at 195 for approx. 3 min.
. . - P L . Y] ,
¢ petroleun refers to the fracbion h,p, 40~50", Solutions
were dried over sydrous magnesiun sulrvhatie,
Ixbreaction Procedure, )

Powdered trunkwood of Eroybhroxylon monosimum Roxb. (463 z.)

was extracted in a Soxhlet apparatus with light petroleunm.

Bvaporaticn of the solvent from the extrective left a near

v~=,

colourless, viscouvs oil (37-3 &.). A fraction (26-4 g.) of
this was chromatographed over alvmina (Merck, 375 z.) in light

rom which

)

petroleun o give a non-polar fraction (790 mg.)
{(+)-hibaene (14) hes been isolated Increasing the polarity
of the eluant [eiher~light petroleum (1:3) and (1:1)] gave an
0ily com.lex mixture (2-55 g.) which yielded (+)-hibaene
epoxide (35). Elution with ether afforied a series of
crystalline fractions (12¢95 g.) from which erythroxylol A (15)
could bhe obitained after crystallisation from pcnuune. A series
of more polar fractions (9-33 g.), containing the erythroxydiols
and erythroxytricls, were obtained on elution with methano 7—eui er
pixteres (up to 25% methanol).

A fraction (153 m »O.), containing the material more polar
than (+)-hibaene epoxide but less polar than erythroxylol A was

adsorbed on alumina (Merck, 6 g.) in benzene. Elution with etier-

benzene (1:9) gave 4ot -hydroxy-l8-norhivasne (119) (lO nu')’




N o 3(1

3 N=109 005 mm ~ el Ty

bep. 100-102° / C-03 mm,, +25 (¢ 031) |Found: 1, 274

(mass spe;t?onetry). JWCTZAO razuives i, 274]. The mass
/ /“‘1

spectrim shovs peals at n/e 274, 255, 241, 189, 161, 135,

, . e . . s
106, 105, 93, 91 =nd 81. Purthor elution with ether-benzene
(;:9) followzd by preparative 1.1, [Obﬂy] acetate-light

“petroleum (1:9)] save eryinroxylol A acevs

._1-

e eporide (120) )

(34 ng.), m.p. 115-5~1450-(p1a%esv¢rom methanol), [CK]D+14-5O
(¢ 1-29) (Found: C, 76-15; H, 9:75. C..H 05 requires C,.
76:25; H, 9-97).

The mother liquors (9-39 g.) from the crystallisation of
erythroxylol A were chromatographed over alumine (Merck, 350 g.)
using gradient elution [é her-light petroleum (5 1., 3:1)
dropping into ether-light peliroleum (2 o 1 9)] gave
successively almost pure erythroxylol A (347 z.), a mixture
(approx. 1:1) of erythroxylols A and B (3443 g.) and a solid
fraction (1-66 g.) which, after crystallisation as needles
from n-heptene, gave erythroxylol B (122), m.p. 121-5-123°,
[°<]D+67° (¢ 1-17) (Found: C, 83-45; H, 11-25. 020H520
requires C, 83.25; H, 11-2%). |

A fraction (62 g.) containing nalnly erythr roxylols A and
B was chromatographed on alumlna (ilerck, 2 kg;) in light
petroleum-ether (3:1). Elution with ether yielded initially
a mixtuie of erythroxylol A and a new compound having the Qaﬁe
mobility on t.lec. as eryithroxylol 3. Repeated c_ystallisation

of erythroxyliol A from the mixture, sufficiently enriched the



~ 1‘ L, PRI - N IR S 1 B ]
Separation of the lzitisr oy vreszrative $.l.c. [eta"l acetete—

St AL

light petroleumn (1:“)] on zilver nitreie-impregnated silica,

after acetylation with acetic arlydride and pyridine to remove
the remaining erybthroxyiol A, save i B ~ydreir-18-norhivasne

(191) (121 mg. ), m.p. 114-116-5° (zods from 1ight petroleun),
[C<]D+49° (¢ 1-41) (Fourd: C, 83:1; H, 11:05. G, H, 0
reguires C, 83-15; H, 11:0%). " Continued elution with ether
afforded erythroxylol A, followed by a nixture of erythroxylols

A ard B, Further elution with methancl-ether (1:99) save a

-[ethyl acetate-1izht petroleunm (
evoxide (124) (415 mg.), m.p. 115-116+5
[CK]D+18-5O (c 1+49) (Fownd: C, 78-65; E, 10+45. G, H,.0
requires C, 78-9; H, 10-6%). |

Osmylation of Erythroxvlol B icetate (125),

(i) Osmium tetroxide (200 mg.) in ether (5 ml,) was added

1

to erythroxylol B acetate (176 mg.) in ether (5 wl.) and the

(5
0 hr. After

\N

mixture set aside at rcom temperaiure for
stirring with saturated sodium metabisulphite solution (10 m1,)
for 45 hr., filtration and evaporation, a greenish foam (279 mnz. )

was obtained., This on dissolution in benzene (20 ml.), treat-

ment with hydrogen sulpnide, filtration through celite an

gm
(W
[gad
N
I._J
0
N
i:_.;
Q
-
S’
=
,.«l
o
oY
o)
l.-
s
[¢]
3

evaporation gave a crystalline pro



‘ave the

&2

151-153-5° (zods

(Found: C, 72¢65; H, 9:7. C..H..0, requires
’ 23 e S op° 36 4 b =

(ii) Brythroxylol B acetate (1473 2.) was treated with
osmium tetroxide (1-5 g. ) in ether (50 mm.) at Toom temparature

o
1

for 60 hr. The bulk of the soivent was removed'unier reduced
pressure, benzene (75 ml.) added and the sclution saturated
with hydrozen sulphide, IMitrogen was pa ssed tarouszh the
mixture for 1 hr. to remove excess hydrcgzen sulphide. This
appeared to accelerate the coagulation and precipitation of

the osmium sulphide leaving a clear liguid phase. The mixture
was filtered through celite and the osmium residue and celite
washed with ethyl acetafe (50 ml1,), Evaporation of the
combined filtrates gave a solid product (1-93 b.), m,Pe Ld3-1 550,
which, on chromatography over alumina (Wbelm, grade 3, 100 g.)
and elution as above, gave the triol-moncacetate (127) (1+36 g.,
71%), m.p. 152-153.5° (after crystallisation).

Acetonide Formation,.

. . ' /¢ 3
The triol-monocacetate (227) (50 mg.) in AnalaR acetone (5 ml.)
vas stirred with anhydrous copper sulphate (50 mg.) for 14 hr.

Piltration and evaporation of the solvent gave, aiter grystal-

lisation from methenol, the triol-monoacetate acetonide (128)

. o /- ' Lo
(46 pg.), m.p. 115-117-5° (Found: C, T4-1; H, 9-8. chH4Oo



requires C, 74.2; H, 10-0G7

Oxidative Cleavases,

(i) The triol-monozcetate (127)
(45 ml.) was stirred with e solution of sodium periodate (112 ma. )
in water (10 1l.) under nitroz zen for 90 nim, After diluiion
vith water, the mizture was extracted $horoughly with ether.
The combined extracts were dried and evaporated, The crude
reaction mixture shows two major prfducfu as evidenced by %t.l.c.

[ethyl acetate-lizht petroleun (1:3 ﬂ . This on sublimation

gave the less polar, unstable acetoxy-disldehyde (129) (69 me.),

) 3

MePe 125—126-50 (rods from light petroleun) (Found: C,72-6; E,
9:05.  CpoHy,0, requires C, 72:95 E, 9-45%).
(ii) To the triol-monoacetate (127) (820 mg.) in AnalaR

acetone (70 ml.) was added Jones reagent, dropwise until the

{2

solution was faintly yellow and then kept at room

-

for 1 hr. The bulk of the solvent was renoved under reduced

-

pressure and the mixture diluted with waler and extracted with
ethyl acetate, The extract was dried and evaporated to give

~
¥

very poler material,

o}

exrude product (820 ng.) containing traces
A fraction (50 mg.) of this was treated with acetic anhydride
(0¢5 ml,) at reflux for 10 min. The acetic annhydride was

removed under reduced pressure to give the aceloxy-anhydride

: g o) -
(131 ) (45 nz.), m.p. 208~2100, after sublimetion at 165 / 05 na.,
as sole product (Fbuna: c, 70-43; -EH, 8:5, 02235205 reguires

C, 70+2; H, 8-6%).



Oxidat;

(1)

more polar, uniden

The crude dic

(1 ml.) was treated

[etnyl acetate~1ig]

)
o
[

mixture showed major products

-

further addition of Jones reagent (O

snowed thet one compound, having the same

acetoxy-cnhydride (131 ) was present.

mixture containing the three oxidation p

with diazomethane. T.le.ce sitowed thatb

of lowest mobility, were now absent sut

greater mobility had appeared.
complete oxidation of the crude
the formation of only one product, and (

a0

(ii) Pure acetoxy-dialdenyde (129)

acetone (10 ml,) was treated with Jones
room temperature. The reaction nixture v
extracted with ethyl acetate, dried and

t.1.c, [ethyl acetate-light petroleun (1:

gave the acetoxy-anhydride (131 ) (30 mg.

(after sublimation).

v

5l

the Acetoxr-Anhvdride (1

were

roducts was treated

two compounds, those

that two new spots of

was concluded that (a)

ixture resulted in

-~

b) two inte

(50 mg.) in AnalaR

&

rezgent for 10 min, at

1.

sas diluted with water,

evaporated. Preparative

2)] of
)s

EX
%

he products

lﬂ..

. 208-210°

3]

S

).

heated with aqueous
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sodiun hycdroxide (34, & m»l,) in refluxing methanol (5C ml.)
Lo - i - = L s e '
for 2+5 hw, The cuoled solution was acidified and extracted
Dveporation of the solvent gave crude

petroleun (7:5)] of the products afforded the hydrowy-

dicarboxylic diester (132) (620 mg.), m.p. 156-1568-5° (neecdles
from ethyl acetate-light petroleum) (Found: C, 69-65; H, 9-35.
C Hz 0o requires C, €9+45; H, 9+55%).

Oxidation and Dscarboxvlation of the Hvdroxy-Dimethyl Zster (132).

The aydroxy-dimethyl ester (305 mg.) in AnzlaR acetone
24 \ 1 2 3 > 2
(30 ml.) was treated with Jones reagent (1+5 ml,) at room

temperature for 5 min, Work up gave the carboxylic acid (133) .

(290 mg, ), mep. 155-157. 5 (decomp.) (prisms from llbnb petroieum

b.p. 60-80°) (Found: C, 67-0; H, 8+7, 0, requires

22“5(1
¢, 67-0; E, 8+7%). This acid (133) (200 ms.) was heated at
160° in a partially evacuated sublimation tube for 10 min, On
reducing the pressure in the system to O+:1 mm., sublimation of
the nor-diester (1%4) (12€ mg.) occurred, This crystallised
from methanol as plates, m.ps 86-58-5° (Found: C, 72+1; H, 9-9.
02133404 requires C, 72{0; H, 9:8%).

Attenpted Hydrolyeis of the For-Diester (134).

(i) The nor-diester (170 mg. ) was heated with aqueous
sodium hydroride {3i, 2 ml.) in refluxing msthanol (20 ml.) for

9 hr. The cooled solution was acidified and extracted with
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gave cubes, 1m.p. 155-1787, prebably the C-13 epimeric dicarbvoxylic
. mathiy] eat (12420 Bt a ot 1t il 1 ]
monomethyl esters(134a), Fuoriher tresiment with base produced
no chenge in product composition as estirmzted from analytical
t.1l.c. [etﬁy] acetate ] winich shows two el o;gaued, overlarping .
spots.

aqueous sodiwm hydroxide (31, 3 ml.) in refluxing dioxan (3 ml.)
for 5 day=. The rezction mixture, after dilution and aci
L

ification, was placed in a constant ethyl acetate extractor for

24 nhr, mvaporation of the extract uct (113 me. )
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having the same conpositio:

from t.l.c.).

Oxidation of Ervithroxylol A Acstate (123).
Zrythroxylol A acetate (613 mg.) in chloroform (15 ml,)

,

was treated with m—cqloroperoe wzoic acid (630 mg.) in chloroform

(15 n1.) at room temperature overnight. Filiration of the

mixture through alumina (Woelm, basic, grade 1, 10 g.) and

elution with chloroform (130 ml.) gave erythroxylol A acetate

‘4

epoxide (120) (647 mz.), m.p. 143-5-145° (plates from methanol),

[c%]D+12-5° (c 1-18)., This synthetic epoxide had m.p. (mixe

[on]

rith those

wt

m,p. undepressed), n.m,r. and i,r, spectira identical

of the naturally occurring compound.



(i) A soluticn of erythroxylol A acetate epoxide (120)

@

(300 ng. ), from the above preporation, was heated in dry ether

(20 nl,) under reflux with an excess of lithium aluminium

hydride for 1 hr, Work up and crystallisaiion from methanol

gave erythroxylol A epoxide (124) (255 mz 97ﬁ), meps 115~ -
o] f\ e 3 > : b

116+5 ,‘[°<] +18-5° (¢ 1+19). Agzain this material had

physical properties [A.p., nym.,r., and i.,7, s“oct?a] identical

with those found for the naturally occurring compound,

(ii) 4 solution of erythroxylol A epoxide (124) (100 mg.)
was heated in dry tetrahydrofuran (12 ml,) under reflux for
24 hr, VWork vup and analytical t.l.c. [ethyl acetate~light

petroleum.(l:Z)] of the product (96 mg.) showed that virtually

no reaction had occurred,
(iii) A solution of erythroxylol A epoxide (124) (966 Z.)

in dry ether (50 ml.) was treated with an excess of lithium

aluminium hydride. The temperature of the mixture was raised

(us1n a heating mantle) until 3 ether just boiled. The
ether was then allowed to 4istill off slowly through a reflux

condenser (having a slow water circulation) and without lterlno
the temperature conirol on the heating mantle, the fused solid
was maintained at an eleveted temperature (?) overnight. To

A

the cooled s0lid was added dry ether (50 ml.), followed by

-]

saturated sodium sulphate solution (drOPW1se, 10 ml, ). The

R

reaction mixture was filtered, dried and eveporated to give the
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15p »13-ginydroxminane (137) (503 mz., 9370), m.p. 212-213

ods) (Found: G,

Eydroboration of Trithroxvlcl A (15), ot

Erythroxylol A (1 5.) was treated with an excess of lithium
aluminivm hydride end boron trifluoride in ether (50 ml.) and
the reaction worked vp with hydrogen peroxide (204, 10 ml.)
Crystallisation of the crude product mixture (two major products

L) 1

by t.l.c.) from chloroform gave a solid which on recrystallisatio
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he more polar, less abundant

15p ,16-ciol (137) (224 mg., 214), m.p. 212-213°,  Separation

(e}
h
d-
fnx
D
5
o
i
5
]
[
—
e

guors by prepzrative t.l.c, [meﬁhanol-chloroform

L

(1:99)] afforded the less polar, more abundani compound, the

ane (138) (410 ms., 399%), m.p. 200-201°

b
(from ethyl acetate) (Found: C, 78<4; H, 11+05%).

Acetylation of the 158 ,18-Miol (137).

(263 mg.) in dry pyridine (13 ml.) overnight., Work up followed
by preparative t.l.c. [ethyl‘acetate~light petroleun (l:l)] of
the products afforded unreacted diol (137) (146 mz.) (wost polar

on t.l.co), 158 ,18-diacetate (141) (186 mg., 237 based on diol
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consurmed) {lezst polar), rep. 135~139° (plates from light
petreleun) (Found: Cy, 7405 E, 5.7, C,ZEHO4 requires C, 7383
2473874
o a . ~ = Fany 3
H, 9:8/), and a mizburs of 4wo other COmMpOUNdE, This mixture

o " LT s e e e e P .
after repeated preparative t.l.c., afloried

15p ~hydroyy-lé-acetats (142) (293

(from light petroleun) (Ebvnd: C, 76+0;
requirves C, 75.8; H, 1049 ), and- the nox

18-hydroxy-15R —acetate (143) (74 ng

e
e ?

(from light petroleun) (Found: C, 75:9;

i

the 15p ~Hriroiy-and 16 P ~Hyds

Oxidation of

(i) The 15p -hydroxy-13~scetate (142) (146 mz.) in AnalaR
acetone (3 ml,) was treated with Jones reagzent at room tempera

for 5 min. VWork up and purification by prerarative t.l.c.

[ethyl acetate-light petroleun (l:4ﬂ gave the 15-keto-1l8-zcetate
. . . o)
(144) (124 ng.) which crystallised from ether as rods, m.p. 182-183

(Found: C, 76+3; H, 9:95. C H,05 requires C, 76+25; H, 9-9%).

22
(ii) The 16p -hydroxy-1l8-acetate (145) (50 mg.) in AnalaR
acetone (2 ml.) was treated with Jones reagent at room temnerature
for 5 min. WOrA up and purification as above gave the 1l6-leto-
18-acetate (146) (46 mz.), m.p. 155-5-156+5° (rods from light
petroleun) (Found: C, 76+45; H, 10-05%).
From analytical t.l.c. [ethyl acetateulight petroléum (1:4ﬁ

the 16-ketone (146) is more mobile then the isomeric 15-ketfone

(144).



Evdrolysis of the 15-I

(1) The 15-keto~li-zcetate (144) (105 nz.) was heated with
aqu;ousAso“iua hydroxide (31, 0:5 ml.)

(5 ml.) for 2 hr. The cooled solution was zcidified and extracted
with ethyl acetate after dilution with water. Eveporation of the
solvent and preparative t.l.c. [ethyl acetate-lizgnt petroleum -

(1:3}] of the crude product gave 15-keto-l8-hvdroxvhivane (139)

0 o} ~, ) LI S | ' .
(83 mz.), m.p. 140-14% (needles from ether-light petroleunm)

(Found: ¢, 79-0; H, 10+6, C 0 requires C, 78+9; H, 10+6%).

H
20752

The o.r.,d. curve in msethanol at 250 (c 0-072) ShoWs:[
0, [ § ]y, sa B, 0

(ii) The lé-keto-18-acetate (145) (30 ng.) was treated with

=
| S— |
I
)
D
l__
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~J
o
(o]

aqueous sodium hydroxide (3¥, 0:5 ml.) in refluxing methanol (2 ml,)
for 2 hr. York up and isolation as above zave the l6-keto-

18-hydroxyhibene (140) (23 mg.), m.p. 127-129° (after sublimetion

at 120-125° / 0403 mm.) (Found: C, 78-85; H, 10-75%). The o.r.d.
curve in methanol at 25° (¢ 0+074) shows: [@]400-4450,
[@]316—44_500, [(I)]z-7 9+47oo<.>, [@ } 04372870°, and [@]215+46500.

The Dienes (150), (151) and (152).

(i) 4p -Hydroxy-18-norhibaene (121)f(10Q mg. ) in dry pyridine
(10 ml.) under reflux was treated with redistilled phosphoryl
chloride (2-5 ml.) for 3+5 hr. The mixtu:e Qas poured into ice,
rextracted with ether, and the extracts washed with water and dried.

Zvaporation of the solvent left a yellow oil (76 mg.) which contained



at least three compounds zs shown by analiytical t.l.c. [etbvl
acetvate-1li ht pelroleun (1:4ﬂ on silver nitrave-inmpregnsted

silica,. Soy”?atloq of a portion (50 nz.) of this oil by

preparative t.l.c. gave a miviure (22 mz.) of the dienes (151)
2 (1
and (152) as the lecs polar fraction, and ihe *(‘9)’15~diene
z 0 - =
(150) (2% mz.), bep. 70-72° / 0403 ma., (Found: C, 88:85; H, 11-0.

019H28 requires C, 89-0; * H, 11-Cj%). The dienes (152), (150)
and (151) were separsble by enmglytical z.l.c.: (i) 2'5% SE 30,
190°, nitrozen carrier‘at 16 lb./in.g, 30, 32 and 34 min., end
(i1)

respectively, kach diene showed a parent ion at n/e 256 on

3% OV 22, 1507, 35 ml, argon/min,, 21,23 and 24 min.
the ges chromatograph-mass spectrometer but the respective
fragmentation patterns showed slizht differences.

(ii) 4o -Hydroxy-18-norhibaene (113) (7 5.) in -dry pyridine
(2 ml.) under reflux was treated with redistilled phosphoryl
chloride (0-2 ml.) for 4-5 hr. The yellow o0il (5 mz.) vroduced
consisted mainly (t.l.c. andg.l.c.) of the A\ " diene (152)
with smaller amounts of the dienes (lSO)_and (151).

(iii) The ZC§4(19)’15-diene (150) (4 ng.) wes tréated with
phosphoryl chloride (2 drops) in refluxing
above for 90 min. Work up and iscl:stion as above gave recovered

starting material as evidenced by g.l.C., t.l.c. and i.r.

The lethyl Ketone (153).

The aldehyde (154) (180 ng. ) in dry ether (5 ml,) was added
to methylmasnesium iodide [;repared from magnesium (20 mg z,) andi

methyl iodide (0+5 m*.)] in ether ( 7 ml.) and the nixture kept
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under yeflux for 30 min, The reaction niwiure was woxrked o
vith dilnate Inimric o 3 3yt TR RIS )

with dilute sulpiwric aeid and extrached with the
extracts washed with water, dried and evaporated, Purification

by preparative t.l.c. [ethvl acetate~-lizht petroleun (1&192}gave
the nethyl carbinol (155) (180 mgey 9595), MmeD. 40-57° (rods from
methenol).,  The carbinol (155) (140 mz.) in acetic acid (8 uk.)
was treated with a solution of chromiws trioxide in 95% acetic
acid (u'BT, 15 ml.) at room temperﬁture for %0 min, Aftér
dilution with water, the mixture was extracted with ether and
the extracts washed successively with water, agueous sodium

bicarhonate, water, and dried and evaporated, The residual

solid gave after preparative t.l.c. [et 1wl acetate~light petroleun.

(1:19)], the methyl ketone (153) (120 mg., 86%), m.p. 67-69

(after sublimation at 60-65° / 005 =m.) (Found: C, 83-85;

21732
methyl ketone enoxide (156) (15 mg., 10%), which crystallised

H, 10-5. C,.H,,0 requires C, 83.95; H, 10:75%), and the

from light petroleum as plates, m.p. 150-152° (Found: C, 79-95;

H, 10-1. 021;.,202 requires C, 79-7; H, 10-2%),

Attennted Raever-Villiser Oxidetion.

(i) To the methyl ketone (15 5) (100 mg,) in chloroform
(4 ml,) wes edded m-chloroperbenzoic acid (90 mg.,) in chloroform
(4 ml.)'at roon temperature for 1 hr, The reaction was conven-—
iently followed by t.l.c. [ethyl acetate-lizght p etroTeum (1: 9ﬂ

After 10 min, the methyl ketone had been converted to a new



gl 7 7 o gy P 4o 3
ner cnange, 1ae reacvion

compound wiich ¢id not
ﬁixture wegs Tiltered throush e short colwm of alumina (Woeln,
basic, grazde 2, 10 5.) znd eluted with chloroform +to
nethyl ketone epoxide (156) (102 mg., 97%), m.p. 150~152o (from

ignt petroleum), Ionger exposure (up to 40 hr.) of the methyl

ketone epoxide to peracid produced no change in prodnct composition

(ii) To the methyl ketone epoxide (156) (9 mz.) and Tm-chloro~

perbenzoic acid (13 mg.) in chloroform (2 ml.) at 0° ves added
10% sulphuric acid in acetic acid (4 drops). The temperature

£ the nixture was allowed to rise to room temperature and set
aside for 48 hr. The reaction mixture was neutralised with
agueous sodium bicarbonate, extracted with chloroform, dried and
evaporated. The residual oil Qas shown by t.l.c. [ ethyl acebate—.
light petroleumr(1:3)] to consist of a complex mixbture of polar

compounds.,
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SECTION B.

“ AIOx:"Ldative _Reaction_s of Alcohols .




1. The Chromic Acid Oxidation of Alcohols.




- 67 -

Chromium in its highest valence state of (VI) has been

1-3

L

used in the oxidation of both orzanic and inorganic subsirates
whereby it is eventually reduced to a valence state of (III).
The mo.jor application of Cr(VI) in synthetic organic chemistry
has been in the conversion of alcohols to aldehydes, ketones
and carboxylic acids, Consequeﬁtly the use of this oxidant ‘
has received extensive investigaﬁion. In theseAstudies,.
secondary alcohols have been used in preference to pfimary
alcohols since the latter have the added éomplication fhat the
- aldehyde first formed is often furthex oxidised to the corres-
ponding acid.

Rate studies were first carried out by Westheimer and
Novick4 on the chromic acid oxidation of isopropanol.,  These
workers demonstrated that the rate of reaction was dependent

on the concentrations of both the‘aloohol and ionised chromic

acid., Their results, formulated in equation (1), have been

rate = ka[HCrOZr][R2CHOH][H+] + kb[HCrOZ][RZCHOH][H+]2 ceen (1)

found to apply for all other alcohols studieds. The observation
of a kinetic isotope effect6 in the oxidation of deuterium
labelled alcohols illustrated that the éleavage of the carbinol
carbon—hydrogen‘bond was involved in the rate determining step.
The above observations must therefore be incorporated inko a
scheme whereby en alcohol is.converted, by a two eleétron

process, into the corresponding carbonyl function. This is




complicated by the fact that three elecirons are involved in
the Cr(VI) - Cr(I1I) rednction vhich imolies that Cr(V) or
Cr(IV) intermediates (Vloqwznfra) are generated in Situl‘ .
Thus the alcohol may be involved either in a net two-electron
oxidation by Cr(VI) with concurrent formetion of Cz(IV) or in
two one-electron processes with formetion of two Cr(V) inter
mediates.

A distinction between these two possible procésses can bve
made7 since the oxidatioﬁ of isopropanol when carried out in
the presence of manganous ions, produces manganese dioxide and
acetone in the ratio of 1:2, Since manganous ions do not
reduce Cr(VI) under the reaction conditions, the formation
- of mangenese dioxide must result from the reduction of an
unstable chromium species of intermediate valence state (IV or
V)7’8. If there is direct oxidation of the aloohol,vone mole
of Cx(IV) will be generated for each mole of ketone formed,
The Cr(IV) species on further reduction o its stable state of
CI(III) mey. therefore only produce one-half mole of Mn(LV)

.

from Mn(II). This is in agreement with the experimental

.

observation, If, however, the alcochol is oxidised by two

-

one-electron steps, two moles of Cr(V) will be formed for each
mole of ketone. It follows therefore that two moles of Cxr(V)
will permit the formation of two moles of mangenese dioxide

and hence give rise to a manganese dioxide-ketone ratio of

2:1, The reaction sequence must therefore involve a direct




&)

D
1

two-electron process as shown in eguations (2), In addition,

2R,CHON  + 20" L 2R,0=0 + oot
y—— . 0 0 0 (2)
20rt 4 om0, o+ 2optiT

N

-. kY 13 [ . . *
it was found that at hizh concentrations of alcohol , the

reaction rate in the presence of manzanous ions

3

that found in their absence, Again since manganous ions do
not reduce Cr(VI), Mn(II) must be removing some intermediate
species (normally present) which can effect reduction of the

chromate a

n

repidly as the rezcting alcohol, This intermediate
has already been shown to be Cr(IV) and thus the most probable

reaction scheme is shown by equations (3). From these equations,

R,CHOH + ot R,0=0 + crt?
CrIV + CrVI — ZCrV cees (3)
20r 4 2R,CHOH —328,0=0 + 20ttt

it would seem that Cr(V) is an important intermediate in the
normal reaction since the total oxidation is effected by Cr(VI)
only to the extent of one~third and by Cr(V) to the extent of

" two-thirds, This hypothesis is substantiated by the direct

.

¥This effectively reduces this term in the rate equation to a
constant and hence the rate becomes dependent only on the

concentration of chromate ion, -



o AcO== |

159

Mechanisms.
A) 0 ,
RZCl:J;O CCr-OH — 5 R,C=0 + crV o+ H30+_
J 0 |
H,0:
B) 0
RCF D) ——— RyC=0 +
N on
Q)
O 0 0
RCT e’ ——s RO - v
zl,_]J \6/ Non 2 <o PG =0+ Cr

HO




. . 9,10
ooservat10n9’

of Cr(V), by v.v. znd e.,s,r. spectroscony,
during the oxidation of isopronanol in sgqueous acetic acid,
With the observetion that organo-chromate esters could
be prepared and decomposed to the corresponding carbonyl
S v ca.o 11, .
compounds in pyridine ™, it was suggested that these chromate
esters could be intermediates in the oxidation reactions,
support for this was derived from the ozidation of the .
o 2 . 3 1 1 1
sterically hindered alcohol™  (159) where cond ions were
found such that the kinetic isotope effect was reduced to
wnity. In this case the rate determining step must involve

some prioxr stage, namely the formation of tqe chromate ester

Tvidence has since appeared demonstrating that chromate esters

. . . . 1 ey e . )
are formed in the reaction mixtures 2 and kinetic measurementis

. 14
tep have been mzde ',

of this pre-oxidation

0

Although chromate esters are now accepted as intermediates
in the reaction, the path by whlcn they zive rise to the
oxidat p roduets is still open to quesiion. It is possible

5,10 .
’

viz. A, B and C, vhich will

to formvlate three mechanisms
account for the known data, although at present it is not
possible to differentiate between them experimentally.
Mechanism A differs from B and C in that a proton is lost to
an external base or solvent molecule whereas B and C each

involve a unimolecular cyclic process, Mechanism B differs

- from C as the former proceeds by a concerted two~-electron cyclic




process whereas the latter gdes via a radical-chromium(V)

intermedizte.,  Iechanism C would not be easily distinguish-

able from B since the homolytic fission of the chromium-

oxygen bond yielding the ketonic product would éresumably.
3,10

be a very fast step in the reaction sequence .

Conformational effects in these oxidative reactions have

15-19

1

been studied by a number of inveztigators who have shown
that in cyclohekyl syétems, having fixzed chair éonformations,
axial hydroxyl zroups react faster than the corresponding
equatorial isomers. These results were first interpretedl5’l7’19

in terms

o

f the conformational effect (hydroxyl group) on the
equilibrium constants involved in chromate-ester formation
and on the rate of decomposition of this intermediate. Thus
the equilibrium constant for ester formation in the sterically
more accessible (equatorial) alcohol should be greater than
that for the more hindered axial isomer. Conversely, the
rate of decomposition of the axial ester (more accessible
hydrogen) should be greater than that of the equatorial esteﬁ;
‘ince the axial hydroxyl group oxidises at a greatér rate,
the decomposition of the ester must be the over-riding factor
and hence would favour mechanism A, These observations,
however, can be accommodated if it is assumed that the
activated complex is one in which the carbon undergoing
oxidation is becoming trigonal. Thus the fas%er rate of

7

: . ) . 17 - ,
reaction of an axial alcohol may be accounteds’ for by the




relief ol non-bonded revulsive interactions in zoing from a

0]

tetrahedral to a trisonal siate. These steric interactions

fD

in & number of secondary alcohols have been estimated”™ and
correlations with the activation energy for oxidation of theze
. . 5 .20 e
compounds have been made™ , Tnus the conformational effecis
may also be explained by mechanisms B and C if steric
acceleration plays a major role.

The decomposition of the complex ester which was thought
to show general base catalysis by pyridine, and hence lend

4 1 : 1 L ‘ : 21

support to mechanism A, has now been shown to be 1ncorrect .
Thus at the present $ime, mechanism B (or possibly C) appears

d3 10 alt

to be favoure though definite evidence which would

exclude A is lacking.

Chromium (V), which is presumably the important chromium

5’

species of intermediate valeunce capable of alcohol oxidation
must also be considered, However this pentavalent species is

unstable in agueous solution so that relevant data has of

necessity been obtained indirectly. The kinetic analysis of

T

Westheimer and Watanabe' indicated that this oxidative process

must-also involve two electrons, In addition, kirnetic data,
on the rate and equilibria processes occurring in the Cr(V)
oxidation has been obtained using competitive techmiqu =
These have involved chromic acid oxidation of mixtures of

6c .

“ labelled and unlabelled isopropanol in water =~ and agueous

acetic acidlo. By measuring the rate of reaction in the




presence of manganouvs ions it
rate for the Cr(VI) reaction and hence the rate found in the

-

absence of manzanous ions can

5

be used
constents for the Cr{V) ovidation. In this way, it has bveen
shown that the Cr(V) oxidation shows a kinstic isotope effect
Tt was also found>that the rate constants for the Cr(V) oxidétion
vary with the concentration of both labelled ’nd-uLlaDellgd
isopropanol and also with the concentration of acid, in a similar
10

manner to those observed for the Cr(VI) oxidation . Thus it

would appear that this process proceeds by a mechanism similar

=
~—

to that postulated for the Cx(VI) reaction. Since Wiberg can
SR NN ORI o -
only account for his results of the Cr(VI) oxidation of
isopropanol in agueous acetic acid] by proposing that both mono-
and diesters of Cr(VI) zive rise to products, it mizht appear.
that mono- and diesters of Cr(V) could also ve involved in the
oxidation process. Again decomposition of these esters would

proceed by carbinol carbon-hydrogen bond rupture in the rate

determining step.




‘ 2. + The Oxidative Clea.Vage of some Priméry Alc‘ohols.




15 R=CH;0H 151 Nisomer
- 123 R=CH,0Ac - 152 /X-isomer
154 R=CHO |

- 161




The isolation of two nor-ditevpzene alcohols (121) and
(119 [Section AJ from the light petroleum exiractive of

Brythroxylon monosvmrn Poxb. prompted an attempted synthesis

N
\N

s " - 24
of the latter from erythroxylol A”” (monogymol®™) (15).  The
first step in the proposed scheme involved the oxidation of
the primary alcohol (15) with chremiun itrioxide in aqueous
acetic acid, This resulted in the isolation of a complex
mixture of products which could be partially resolved by

. . 22 SN - .
column chromatography . Elution of the mixture Jluh light
petroleun yielded initially a hydrocarbon fraction followed
- L) -~ ~ 1 - 23 - A 2 v
by the major product, the aldehyde (154). This hydrocarbon

v

hs three dienes

ot

mixture wacrsnomp to consist Joks Paomlnqntly of
(150), (151) and (152), previously isolatedzg from the
dehydration of the epimeric nor-—eﬂcoholc (121) and (119),
. together with a fourth unidentified compound as shown by
analytical z.l.c. Subsequent elution with‘ethyl acetate
gave an oil which was acetylated to facilitate its separation.
This acetylated material, after preparative t.l.c., yielded
several conpounds which included erythroxylol A acetate (123)
end erythroxylol A acetate epoxide (120), both of known con-
stitution, The aldenyde epoxide22 (160), also obtainéd after
thin layer chromatography, was readily identified from its
spectral features [Q%Q, TO0-28 : I)max 2725, 2707 and 1720

(aldehyde) and 850 cm. (eno"vﬂe)] and by ifs synthesisz2

from the aldehyde (154). In addition, three further




: -

2 e v A S D ’.,\ . LI e - =
nor-diternenoids w e QLTeCTRl, inese CCHEDris ed 4 =4 —'hyC‘.Z’O.V..‘[—
o)

4B ~hydroxy-18-norhivaene™ (121) (isolated afier further
preparative t.l.c. on silver nitrste-impresnated silica), and
4P ~hydrosy-18-norhi! 13622 | The latt :
{ B ~hydroxy~18-norhibaene epoxide (161). The latter compound
was also identified from its spectral feztures [i) 3600, 3470
max .
: : -1 . L ‘
(hydroxyl) and 852 cm. (epoxide)| and by its synthesis22 from
the corresponding alecochol (121), Both the aldehyde epoxide
(160) and the nor-alcohol epoxide (161) show signals character-
istic of the B epoxide in their n.m.r. spsctra [2H, iBq, T 7+14
6+78, and U 6-97 and 6+60 respectively, J 3 c./sec.}
[SectionA].

reaction must emanate

i
n

The nor-products isolated from thi
from the direct oxidation of the primary alcohol since the
derived aldehyde on furtner ireatment with the oxidising medium
yielded none of the cleavage products. Although some of the
aldéhyde was recovered unchanged, further more polar rroduc*cs
were formed as shown solely by t.l.c.

To make the reaction of synthetic value, it vas hoped that
conditions might be found to increase the degree of fragmenuaLlon.
It was found however that changing the molar ratio of chromium
trioxide with respect to erythroxylol A had little effect on the
proportion of nor-compounds formed (Table I). As an alternative,

it was thought that an increase in the non-bonded replusive

5




CHOH)R
155 R=CHj
162 R=CH,CHs
163 R=Ph




interactions acrozs

Thus the methylzz

(163), showing atsorption bands =t 3620, 3623 and 3623 cm.“l (i
respectively, were prepzred from the aldehyde (354) by treatment

with the corresponding Grignzrd reagenis. cupport for the

structures assizned was derived from the n.m,r. spectra: the

-+

methyl carbinol (155) shows a one proton quartet at T5-71 (J

6 c./sec.) and three proton doublet at T897 (J 6 c./sec.);

the ethyl carbinol (162) shows two broasd unresolved signals at
T6-18 and 6°05 (1H) which must form the X poriion of an ABX
syétem; and the phenyl carbinol (163) shows 2 one proton singlet
at T4-79 (deshielded due to the aromatic ring) and a broad
singlet (5H) at T2:80 from the aromatic protons. These
carbinols are obtained as epimeric mixtures formed by the non-
stereospecific attack of the Grignerd reagent on the aldehyde
function and is %herefore consistent with the wide melting range

observed for these compounds.

Fe

hese carbinols on oxidation with chromium trioxide in
aqueous acetic acid gave the corr93ponding ketores as the major
products together with the ketone onow.des. The methyl ketone
r IR « 0 22 = L] L2 .
(153) and the methyl ketone epoxide (156) were identical to
the compounds previously obiained [Se tion A] In each case

the expected cleavaze products were detectied in minor amounts

(Table II). Thus it was noted that the yields of normal

| 1y
]
O
O

. - A
xidation products had incressed (approx. 705%) [as expected s



‘go
R
154 R=H

153 R=CHy
164 R=CH,CHs
166 R=Ph

\
o
R

156 R=CHy

165 R=CH,CHj,

187 R=Ph




the ketones Tormed are more s
(2pprox. 40;%, but surprisingly ize proporiion o
products had decreased slighitly reletive to that

erythroxylol A,

The spectral features of the above carbinols, keiones and
Xetone epoxides are worthy of Ifurther comment, The i.x,

h

[6)]
;—T

methyl ket

ck

solution spectra of

end their correspondin

=

O
tetrachlor

wnereas

one (153), ethyl ketone (164)
epoxides (156) and (165), in carbvon

ide, each show a snlit carbonyl frequency (Table III)

the phenyl }

cetone (166)

(167) show only one maxima.

and the phenyl ketone epoxide

In chloroform solution, however,

the split carbonyl frequencies collapse to one broad absorbance

at slightly lower wave-number.

AT
Lo

though these

spe

show only one maxima, several shoulders can still be observed

similar to those seen in the carbon tetrachloride solution

TASLE TTT.

Infra Red Carbonyl Solution Spectra (cm.’

Hethyl ketone (153)

Fethyl ketone epoxide (156)
Ethyl ketone (164)
Bthyl ketone epoxide
Fhenyl ketone (165)

Phenyl ketone epoxide (167)

(165)

#Absorption band showing

_1)

wanm3ﬂ0014) X(011013)
1703, 1696 1692"
1705, 1698 1691
1704, 1694 1689
1705, 1695

1683

1685

several shoulders.
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spectrum of the phenyl ketonss. Thig mizht suzgest that th

Al LAznaly

oD

absorpticn bands are composiie in nsture duwe-to discrste
conformational (ring A boat or chazir) or rotational (ring A
chair) isomers permitted by the severe steric interactions
present in this part of the molecwle.

The n.m.r. spectra of the various carbinols, ketones and
keto~epoxides allow assigament of signals to the quaternary
C-methyl groups (Table IV). Thus it can be seen that the
signal from the C-1T7 methyl does not alter appreciably and
remaing at T 9-01%0-02 throuziout. The methyl signal at
highest field in the carbinol systeﬁ is attributed to that at

C-10, shielded by the /N\2-double bond®?. This is confirmed

TABLE IV.
C-Methyl Resonances in the n.m.r. Spectra;(CCl4)

C-10-CH C-4.CH, C-13.CH

3 3 p)

Fethyl carbinol (155) '9-18 9-14 903
lethyl ketone ~ (153) © 94T 894  9-01
Methyl ketone epoxide (156) 9.27 8-90 ‘ "G00
Ethyl carbinol (162) 9.18 912 9.01
Ethyl ketone (164) . 9.51 897 9.02
Ethyl ketone epoxide {165) 9-31 8-93 9:02
Phenyl carbinol (163) 9-17 9.02 9.02
'Phenyl ketone  (166) 935 8-59 9-01

Phenyl ketone epoxide {167) 9+17 8+57 9.01




P e e ~ -
to the ketons function, spoxidation of the double bond vroduces

of the C-10 methyl, deshields the C-4 methyl as can be seen from
Table IV, In addition, the phenyl group deshields the C-
methyl even in the carbinol system and on oxidation furthe:
deshiielding results in the very lowfield signal at T8-59. The
signels due to the C-4 methyl groups in the ketonic systems are

unaffected by epoxicdation of the double bond, since the distance

vetween the functionslities i

w0
o
@]
o
)
i
™
[}
.
wm
)
o]
Q
®

signals in each case appear at such hizgh field, this would sesm
to suggest that ring A is in fect in a chair conformation.
if, as suggested by tre i.r. specira, several,oonformations are
present, these must be rotameric in nature (ring A chair) rather .
than ring A isomers (distorted boat and chair).

In an attempt to 'freeze ocut' the conformational isomers,
the n.m.r. spectrum of the methyl ketone (153) was obtained at
temperatures dowa to —910. Althouzgh it can be seen from Table V
that the methyl signalis did not reéclve, it was noted that the
spectrum was in fact temperature dependentzé. The signals
assigzned to the C-4 and C-13 methyl groups were unaffected by tﬂe

decrease in temperature whereas the C-10 methyl signal moved up-

o

fi eld by 4 c.,sec. and the signal from the acetyl group moved 1o

lower field (6 c./sec.). The two temperature dependent signals




124 R=CH,O0H 168
160 R=CHO | |




Methyl Signels fox

Temperature CLB-PO C~lO»CH5 C-—-4=CH5 C-1%CH,
2
z o - [
+34 T-91 9445 8-93  9-02
0 . : :
-70 7-86 9+49 8-92 9.02
0
=91 735 9:49 8:91 9.02
are those wiich would be expecied to move if, in fact, raﬁid

rotation about the C 4 - C 18 bond is being influenced by the
hanse . 26 o ; . oo
change in temperature™ . Thus the magnetic field seen (as a

Kol al

time averagze) by the methyl groups at -91° is different from

. o] . . . .
that observed at +34°. This evidence, althouszh rot substantial,

..Lv

supports the suggestion that rotameric isomers are present.

To determine whether this cleavage react tion is general for
primary alcchols in the bheyerane systen, the oxidations of
erythroxylol A epoxide (124) and dihjdroerythroxylol A23 (168)
were carried out (Dab;e I1). Treatment of the epoxy-primary
alcohol (124) with the oxidising medium and chromatography of
the resulting oily mixture gave the corresponding aldehyde (160)
as major product. A less polar fﬁaetion [\)max 1642, 885
(double bond) and 848 em, T (epoxidejl, having analytical and
mess spectral (M 272) data in accord with the molecular formula

19H280’ was isolsted which presumebly contains a mixture of the
isomeric olefin epoxides (169). TFurther separation of the

residusl mixture by t.l.c. resulied in the isolation of three

isomeric nor-azlcohol epoxides., The most polar (t.i.c.) of these




was identified as 4p -hydroxy-15-norhibacne epoxide (161) whrich
. . 22 . s . - \ .

had been isclated = frem the products resulting from the oxidation

of erythroxylol A. The nor-alcohol of intermediate mobility

(parent m/e 290) was shown to be the 4 A =hydroxy-18-norhibaene

epoxide (170) by its synthesis from the naturally occurring

alcohol (119).  The nor-alcohol of greatest mobility (parent

n/e 290) was tentatively formulated as (171).  This alcohol

1,

shows in its n.m.r. spectrum two tertiary methyl resonances at
T 9-09 and 9-01 and a new secondary methyl siznal at T-8-99
(J 5 ¢./sec.).

Since a carbonium ion mechanism is proposed for the cleavag
reaction (vide infra), this could account for the formation of
the nor-alcohol epoxide (171). The spectral features of the
latter compound would suggest that a hydride shift (from C-5 to
the pB -face of C-4) has occurred giving rise to a secondary meﬁhyl
group. Attack of a nucleophile at C-5, the new centre of electron
deficiency, would lead to this observed nor-alcohol., If this
nucleopnile approaches from the «-face, it must overcome the
steric interaction from two 1,3-diaxial methyl groups (at C-4 end
C-10), so that a B -orientation of the hydroxyl group at C-5 would
seem mors probable. That the trans rearranzement of the hibane
skeleton has proceeded only as far as C-5 is likely since the
guartet in the n.m.r. due to the epoxide protons TZ7-14 and 6-77,
J 3 c. /sec.] apvear in the normal positiongz. This rould imply

thet the 15«-proton (at lower field) is interacting with the C-10



172 R=COOCH,4
173 R=CHO

\
R R,
7% Ry=CHg ,R,=OH

175 R{=OH , Ry=CHy

R - |
177 R=CHyOH

178 R=CHO



methyl group, as hes been notszd previously Iéection .].
If this rearrenzed nor-diterpencid has an axizally orientated
B ~hydroxyl oup, denydration snould, by a trans diaxial

27

elimination™', result in the predominant formziion of the

(4]

ZC§5~olefin (169a) wnich would be non-identicel to any of tr
olefin epoxides foxmed in the oxidation.  Treatment of thé
alcohol with freshly distilled phosphoryl chloride in pyridine,
however, resulted only in the isclation of a mi;buré of polar

material, Thus the identity of (171) has not been wur rolvuouc1v

established,

In continuation of this

s
23

oxidative sequence, it was found
that dihydroerythroxylol A7 surprisingly gave isostevic acid,
‘o i 28 /.. . -
isolated as its methyl ester™ (172), as mejor product. The
expected aldehyde (173), isolasted in much smaller amounts, was
.,.28 e
found to be extremely unstable under atmos pheric conditions.,
Thus on standing, the aldehyde gives rise to the corresponding
28

acid = together with several other unidentified compounds. The

yield of aldehyde may be increzsed by carrying out the oxidation

f.
ct
oy
}_A
n
©
l,_l
n
o
}_
- ‘)
O
ct
0]
ct
oy
(D

vnder an atmosphere of nitrogen, but

proportion of cleavagze products formed (Table II). Separation

of the crude 0% Addation mixture resulted in the isolaetion of
-1
A K-hydroxy-1l8-norhibane (174) [ . 3615 oul and 4ﬁ-r@£oxy~
i . L
three

1

18-norhibane (175) [ﬂhpy_3610 cm. ] both of waich show
dilcu Al
quaternary C-methyl resonances in the

n.m,r, Spectrum | T9-05,

893 and 8-88, and T9-13, 9-05 and 6:97 respectively].



Confirmetion of the assigned structures wasg derived from
both naturelly occeurring nor-aloohols which
gave products 1dentical to those isolated from the oxidising
nedium, It is of interest to note thiot the hydrocarbon
frao ions from both oxidations (unucv nitrogen and under
atnospheric conditions) differ in as much as the former (under
nitrozen) shows only one peak on g.l.c. and the iatter shows
an additional peals of almost eqﬁal intensity. Both fractions
ave spectral features in accord with the olefin mixture (176)
- showing absorption bands at 1647 and €39 cm,
having a parent ion at m/e 258 (Cl9n,o) in the mass spectrum.
However the mass spectrum of the mixed hydrocarbons from the

shows a significent peak at m/e 260 which is

H

oxidation in ai
absent in the mass spectrum of the other fraction.

The oxidation of O-methylpodocarpinol (177) has also been
carried out. FHere again the major product was the'aldehyde42
(178) as was found to be the case in all but one of the
oxidations studied. The assizned Suruct re is supported by
both n.m.z, [0R0, T0-22] and i.r, [v, .. 2732, 2717 and 1726
cm.-l] spectra. The amount of normal oxidation to the aldehyde
seems to vary greatly (Tablé I1) and may well be due to the
insolubility of the alcohol (177) in the oxidising medium.

Since the podocarvic system contains an aromatic ripé,'there

is the possibility that benzylic oxidation will alsc occur

530

.29 -
(cf. totara-8,11,13-triene”™” ), That this ad



OCH,4

OH
181



-~ 84 -

took plzes was confirmed by the isolation of the keto-aldehyde
(179) showing absorption bends at 2725, 1725 (aldehyde) and
1683 ou, 7T (ketone) in the f.r.  Proof that the keto function
is situated at C-T wzs obtained from a comparison of the u,v.

spectra (ethanol) of the aldehyde (178) [ py 201 mp., & 23,400;

max

mal

aldehyde (179) [>\
A

spectrum of the benzylic ketone where it is observed that the

N pae 225 Te, €5,9005 X 260 mp., € 1,670] and the keto-
o 202 mp., £19,200; >\max 228 mp., € 13,5003
e 281 mp.,E,l7,000}. This is confirmed by the m.m.r.

C~14 proton on the aromatic ring has moved down-field to T2:03
(7 8 ¢c./sec.) from T3+16 (J 8 c./sec.) in the aldehyde (178)
due to the deshielding effect of the C-7 ketone. Also isolated
from the reaction mixiture was a non-polar fraction [Omax 1648
and 896 cm.”l] wnich, after sublimation, showed a parent ion at

' n/e 242 in the mass spectrum corresponding to a molecular
formula of ClTHZZ
and is, presumably, the mixture of nor-olefinsBo (180). One

0. This fraction shows two peaks on g.l.c.

tertiary alcohol [Dmax 3615 and 3480 cm.-l] showing a parent

ion at m/e 260 was formulated as the 4o-noralcohol’’ (181).

The n.m.r. spectrum of this compound shows only iwo -quaternary
C~methyl resonences at T8-88 and 884 and a signal at T6-29
attrivuted to the l2-methoxyl group. No evidence of the epimerig

nor-alcohol could be found.




.'", 85 -~

4

£ !\3 L' .

[ES

; T

Effect of liolzx Ratio of Cx0; with respect to Lrythroxylol A .
. - .

Srythroxylol A
(1 =x 10-3m)

Alcohol : Cx0,

Hor-olefins

( x 10—5m)

Nor-alcohols

(x 10,‘5m)

Total Icolated

Cleavage Product

( x lO_Bm)

2 1
1:1
1:2

16
2:0

11

51
6+3

7.0

73
8'3

81




Procucts Iscolated Tron the Oxidations,
using Substraie / Cx0; ratios 1 ¢ 1-1
e
, Total
Substrate Formal Oxidazation nor-olafins For-slconols ~
’ Lleaveaer

Carhonyl

.moxide

(1 =10 BQ) (x 1.077n) (= 10"5m) (¢ 1O~5m) (x 10~5m} (= JO_SL
Erythroxylol A 356 4+ 6 2:3 64 8.7
(15) |
Hetnyl 71-C 5.7 2.7 4:0 £.7
Carbincl (155)
Sthyl 774 9-9 2.1 440 61
Carbinol (162) 55:7 Hed 1-5 i 2-& 2%
Fnenyl 714 7-1 1-7 1:6 3:3
Carbinol (153) 72-2 7+1 3.3 0.0 coo®
Erythroxylol A 453 4+7 85 13.3
Tooxide (124) 3%:6 1y 15-3 19.7°
Dihydro~ ' (acid)

erythroxylol A

(168)

O-methyl- T-XKetone
] . *x z
podocarpinol 80+ 2e *6 1-1 17
- ez,1+ = r
(117) 53:1 ] 84 ‘5 0-7 102

]

variat

repeat oxidation.

ion probably dve to incolubilit

in aqueous acetic acid.

* thezse rezults are
carried ocut in an

not comparadle since oxidation
atnosphere of nitrogen.
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In this chremivnag triowids/equeous zcetic acid medium, the

¢
=]
o
h
_l
4'51

1 hibeo

oxidative processze

ol

oxidation of the primary and sescondzry alcchols, the epoxidetion
15 . vy (s :
of tJGZcx 5—uouole bond (if present) and the cleavage of the
C-4 hydroxymethyl group. . The aldehydes formed presumably
. e s 31 .
arise by a mechanism similar to that proposed”’” for the
oxidation of secondary alcohols. Thus ester formstion between

the primsry (or secondary) alcoiol and the mixed anhydride,

| . .14 . s n
aceto-chromic acid™ ", will probably be followed by an El type

=

elimination yielding the aldehyde (or ketone) znd a reduced

g

chromium species (vide supra

A . . . Al . s 4
The epoxidation of the reactive /\ 5—douole cond in the
hibaene skeleton is not unexpected since the epoxidation of

olefins by chromic acid or its equivalent. (aceto-chromic acid)

31,32

has veen well documented . Zpoxides have tvherefore been

%voked as intermediates to account for some of the products

31,33,

obtained from chromic acid oxidations A mechanism

proposed by Hdickenbot tom94 involves nucleophilic attack by the

double bond on a chromate oxysen ito senerate a carbonium ion-

chromate ester (Scheme I) which can give rise to the epoxide
35
by two possibdle routes as shown. eiss and Zwanzig”” have

shown, however, that l-methylfenchene (182) yielded the corres-
ponding epoxide (183) together with the nor-ketone (184). Ione

of the products isolated had a rearranged r“feleton as mizght be




Scheme 11

182



symmetrical cyclic intermedizte of the type (186), analozous

) P

to an intermediate proposed in the epoxidation or ol ns |

1_1
J)
(@)
<

by Cr(VI), and whether Cr(
is unknown.

The oxidetive cleavage reaction, althoush novel for a primary
alcohol, is not wnknown for systems with complete substitution on
the carbon atom adjacent to that bearing a hydroxyl group.

Mogher and Whitrmore 51 have isolated t-bputyl alcohol and t-amyl
alcohol from the oxidation of methyl t-butyl carbinol and methyl
'and isopropyl t-amyl carbinols respectively, A detailed study
of the analogous clezvage of phenyl t-butyl carbinol to t-butanol
and benzaldehyde (67%) and the simultaneous oxidation to phenyl

-

. . -8 .. . ... s
t=butyl ketone (3355) suggested” that bond rupture is induced by

an unstable pentavalent chromium ester. This is supported by
the fact that lower yields of cleavage products are obltained when

1 . . . . 1 o~ o -\ )
the reaction is carried out in the presence of " (I1) and Ce(ITI)

jons~ and also by the direct observation of Cr(V) in squeous
1

From the data aval ole, tvo sossible mechanisns D and E




Mechanisms.

D)

PhCh C(CH%), ——PRCH.C(CH4)
3’3 ('&) 3’3
OH | o\gr
Ph%H PhCHO
+0C(CHq)3  (CH3)3COH
E)

PhCHC(CH3)3 PhCHCCH3); _ PhCHO

1/ v

OH o O"'LSV (CH3)3C




couvld be foxn

deted, i% was lnown, however

carzinol lavelliod w

This, teken in conjunction with the knowledze that the di-f-bubyl
B AR 9 2 ) 7 2 v 18
aceval of bvenzaldehyle on hydrolysis in H.CT gzave no labelled

2
alcohol”” y served to eliminate mechanism D, Svidernce in support
of mechanism B, wnich involves a free carbonium ion, was derived
from the ovidation of phényl apocamphyl carbinol and phenyl

fn0107,

adamantyl carbir

-

In the former no cleavage was observed

wviich is in accord with the reluctance of the apocamphyl system

“

the bridgehead, In addition,

i+

to sustain a positive charge a
carbinols having less highly substituted A -carbons give rise to
lower yields 40 of cleavage products as would be expected by the

lower stability of secondary carbonium ions,

In the present study, the origin of the nor-diterpenocids

solated can vest be explained as arising from the cleavage of the
18-hydroxymethyl group by a process an alooous to mechanism E,
Thus esterification of the alcohol, presumably-with Cr(V), can be
followed by neterolytic rupture of the C 4 - C 18 bond. The
carbonivm ion so formed (at C-4) could then give rise to the three
noxr-alkenes by deprotonation at any of the adjacent carbon atoms.
Alternatively, nucleophilic atvtack at the centre of eleotron
deficiency (predom nWAUIy from the less hindered side) would yield
both of the epimeric nor-alcohols. The proposed mechanism involving

a carbonium ion intermediate is also supported by the isolztion of

the rearranged ror-alcohol epoxide (171). Here it would appear



thet o hydride shilt has occcurred from C-5 ¢ -4 followed by
aturation of the eleciron deficient centre at C-5 (pwoowolw

fren the P -face),
srom the results obtained in this series of experiments,

the cleavaze reaction would appear to show a dependence on

steric fectors in rather a surprising fashion (Table IT).
RBenlacorent r a £t ~ri o =+ orma R 3
ngplacenent ol ong of the hydrogen sfoms of the axial C-4

.1

bydroxymethyl sroup in erythroxylol A by a methyi, ethyl ar
phenyl svbstituent should incresse the steric compression
across the oA-face of the chair ring A, due to the 1,3-diaxial
interaction with the C-10 methyl. If the cleavaze reaction
proceeds by the carboniuvm ion mechanism, rupture of the C 4 ~
C 18 bond should markedly reduce these non-bonded repulsive
interactions and hence the bulkier the C-18 substituent the
easier the cleavage reaction might bscone, Experimentally
no increzse in the amount of cleavaze (c. 65%) of these bulky
carbinols is observed relative to that found (c. 8%) for the
unsubstituted primary alcohol; if anything, substitution
results in a slight decrease in the degree of cleavage.
Althouzh there is an apparent increase in the products of

Y

normzl oxidation from the secondary carbinol systems, it

should be noted that the aldenydes, derived from the primary

)

alcohols, are unsiable both on standing under atmospheric

conditicns and in the oxidising medium. Thus an accurate

~

figure for the conversion of

the primary alcohols to the

=



corresponding aliehydes can rnot

some extent, canxnot be resarded as completely accurate.
From steric considerations, the bully substituent at
C-4 (presumed to be axial with ring A in a twist chair, from

-

exanination of nﬁlcculﬂwAmodels) should adopt a conformation
whereby the preferred rotamer has the alkyl and hyarOAJl g£roups
on C-18 directed away from, end the C=13 hydrogen nearesti te,

the C-10 nethyl sroup. If in normal oxidation, a mechernism
involving proton abstraction [from a Cr(V) estez} by an

external bese gives rise to the ketonic products, the hindered
environment of the C-18 proton should meke this process more
difficult and hence cleavage mizht be preferred., Again, this

ig not observed, However, the relief of non-bonded repulsive
interactions which will occur on cleavage, will also be partially
effected on conversion of the tetrahedral carbon at 18 to a
trigonal state during no:mal oxidation. Since the oxida
of the secondary alcohols to the ketonic compounds (forming

approximately 70% of the products) is still a favourshle process,

this could be accounted for by steric acceleration if a cyclic

oxidative process were in operation (mechanism B, p.70). Thus the
normal oxidative reaction and the cxidative cleavage reaciion

might both be favoured by an incresse in sieric compression

across ring A and would account for the observed absence of an
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'increase in the prowortion o
An alternative explanstion Tor the resulis obiained might

) 4 1.

inols exist to some extent with a

arise 17 the secondary ca
boat rinzg 4, althousrh evidence of this is not available. It

is probable, from n.m.r. evidence, that the derived ketones

exist as rotameric mixtures with ring A in a chai

“S
Q
Q
o}
=
Q
3
)
ct
f=t
(e}
s

This does not necessitate that the carbinol precursors exist

in this form. If the boat ring A does exiét, the severe
steric interactions vetween the otherwise axial SUOSt‘uU“DtS
at C~4 and C-lO are greatly relieved. Tﬂus one deriviﬁg force
for fragmentation would be lost while the normal oxidative
process would still be favoured.

On examination of the produqts derived from the xidgtionv
of erythroxylol A epoxide (124) and dihydroerythroxylol A (163),
it was noted that the yields of noxmal oxidation products
(c. 40%) (Table II) were of the same order of magnitude as that
obtained from erythroxylol A (15). This is not unexpected since
the environment in the region of the primary hydroxyl group is
apparenUTy identical in all three cases., Fowever, it can be
seen thet much larger proportions of cleavage products were
obtained from the epoxide (124) (c. 15%) and dihydro compound

(1.63) (c. 375%). In these three primary alcohols cnly the

 functionality in ring D has changed, yet there is a marked

effect on the degree of cleavage. It cen be seen from molecular
models that on procesding from exrythroxylol A {o the corresponding



methyl group. The resvlt of thids interasction has already been

observed in the n.,m.r, spectra of the functionalised ring

compounds [Section A]. It would therefore seem that as the

1

15-proton approaches the C-10 methyl group, there is an increass

in the compreszion between the methyl attached to (-10 and the

4o<-hv roxymethyl group,  This increase in intern2l energy

must therefore account for the drzmatic rise in the pronortion

-

"k

of cleavage products. A similar long ran outuree51ng effect

has been observed41 in the differing o.r.d. curves of a series
of 3-ketones which differ in the hybridisation of C-15.
Substitution at C-4 would therefore seem to have little:
effect on the cleavage process, wihereas podifications in ring D
are found to have a surprisinzly lsrge effect, The following
hypothesis is sugsested. For the primery alcohols, the long
range buttressing causes an increase in internal energy of ring
A such that the cleavzge process is favoured but which is not
sufficient to cause conformztional inversion of ring A, For»

the secondary alcohols, it is possible that ring A is

e

conformationally distorted frox the chair form. It would

to examine the oxidation of secondary

ar the configuration about C-15,

)
e}
H
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3
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=
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is influencine the scission of the C 4 - C 18 bond, the removal



CHs




decrease the yields of nor~products. Thiz has indeed been

total cleavage producis arounting %o approxinmztely 1e5%.
Althouzh this reaction is complicated by veryinz emounts of
benzylic oxidation, the amount of cleavzge products is much -
less than found for erythroxylc JURY:

The carbocyclic skeletons uced in these ozidations ﬂévc
all possessed a trans A/B ring junction with methyl and hydroxy-
méthyl groups in a 1,3-diaxial relationship, If, however
the primary alcohol group has zan equatoriallorientation, its
1nteraco10n with the C-10 methyl is absent and should therefore
have the same effect as the removal of ring D. Thus one might
predict that compounds having an equatorial ~CHZOH would give
rise to only very small amounts of cleavage producﬁs;

To further confirm the influence of ring D on the cleavage
reaction, it was hoped that 15p -nethyl-15«,18-dihydroxyhibane
(187) could be prepared and owidised. In this system the
bulkier K -substituent at C-15 should serve to increase the

s

interaction with the 10-methyl and hence increase the proportion

-

of cleavage products. This diol has the added advantage that
the 15-hydroxyl, being tertiary, should not oxidise appreciably.
Up to the present time, however, the synthesis of the diol (187)

from 15-keto-18-acetoxyhibane (144) has been unsuccessful,

Treatment of the ketone (144) with methylmagnesium iodide



consisting mainly of the mizture of isomeric nor-ole

created an unsxpected nroblem, The mass spectrum of each
fraction shows, in addition to the parent ion expected for such
olefins, a peak two mass units higher. The origin of this

peek is still unresolved, It should be remembered that the
hydrocarbon fraction from the oxidation of dihydroerythroxylol A
undsr nitrozen does not show this ion in the mass spectrum
wﬁereas the corresnonding fraction from the oxidation in air
does. Again, the g.l.c. enalysis of the hydrocarbon mixture
from the former reaction shows only one peak whereas that from
the latter reaction shows an additional peak of slightly

shorter retention time on the column used (2+5% SB 30)., The i.r.

r

spectrun of both fractions show the expscted absorption bands

Iy

)

-1, . . .
at 1647 and 8389 cm. vut the n.m,r, spectrum of the fraction
from the oxidation in eir shows little absorption in the vinyl
region, although it can be interpreted as showing a new secondary

nethyl group.
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(2) The anomalous compounds could arise gs a result of
a modified Cammizzaro reacltion. This would necessitate ank
intermolecular hydride shift from an ald lehyde bo the - \rooosed
intermediate carbomium ion (188) end result in the formation
of the nor-compound (189) and the acid correspondiﬁg to the -
aldehyde, However, the 1142 peak has been observed in the
olefin mixture derived from the ethyl carhinol, Here an.
aldehyde cannot be formed and hence this possibility is
elininated.

(b) The compound could arise from decarbonylation of an

aldehyde. Again, for the above reason this i

9]

not possible,
(c) The M+2 peak might be due to small amounts of a bis-
norketone (190) derived from the z£§4(19)—olefin (191) vy
oxidative fission of the double bond. High resolution mass
measurementsvwere made on the M and M+2 peaks observed in the
mass spectrum of the hydrocarbvons derived from érythroxylol A.

This geve the masses as 256+2158 (C requires 256+2190) and

1973

258-2341 (C requires 258¢2347; CygH, 0 requires 258°1984)

19130
respectively, Thus the M+2 peek corresponds to 019 30 (189)
which is in agreement with the n.m,r, observailon that the
compound has a secondary methyl group at C-4.

If this provlem is to be satislactorily resolved; labelling
studies mﬁst be carried out to determine the source of the C-4

proton and hence detewmine how a reduction product can be formed

in an oxidising medium,






refer Lo carbon tetrachloride solutions wnless otherwise statbed,
Hemer. spectra were obiained in carbon tetrachl
otherwise stated, High resoiution mas:z messuvenents were
obtained on an ATI-GEC 1S 9 mass spectrometer.  Aqueous acetic
acid refers to glacial acetic acid-water (19:1).  The oxidestions
were carried out using 2 stock solution of chromium trioxide

(76 g.) in aquecus acetic acid (250 ml,) and usiné a substrate-
CrO5 ratio of 1 : 1¢1 unless otherwise stated.

1

Oxidation of Errthroxylol A (15).

To a solution of erythroxylol A (1+7 g.) in agueous acetic
acid (20 mi.) was added a solution of chromium trioxide in
agqueous acetic acid (16 ml,) and the mixture set aside at roon
temperature for 2 hr. It was then diluted with water and
extracted with ether, and the extracts washed successively with
aqueous sodium bicarbonate and water, dried and evaporated.

The residual oil (1+4 g.) was chromatographed over alumina
(Woeln, neutral, zrade 3,'140 g.) in lizht petroleum.  Elution
with that solvent afforded initially a hydrocarbon fraction

(35 mg.) containing a mixture of the three dienes (150), (151)
and (152) which were identicel (i.r., t.l.c., g.l.c.) to the
dienes previously isolated [Section A], together with traces of
a fourth unidentified compound. These were all separable on
analytioél sol.c. (355 0V 22, 150°, 35 ml. argon/min., 23,

/" -

21 apd 17 min. respectively) The mass spectrum of this mixture,

L

after sublimation at 70-75° / 0+0% rm,, shows a parent ion (1)



mepe 63-65° (after'sublimacion at 100° / 0-04 rm, ). Subsegquent
elution with ethyl acetate yielded an o0il (440 mg.) which, after
acetylation with acetic anhydride and pyridine, was further
separated by preparative t,l.c. [ethyW acetate~-light petroleum
(l:4ﬂ . In order of deci asing ﬁoblllty'uﬁe folloviing fractions
were obtained: (i) a fraction containing erythroﬁylol A acetate
(70 mg.), mop. 72-73.5° (”fom methanol); (ii) a mixture
containing traces of 4« -hydroxy-l8-norhibaene (119), identified

solely by its characteristic staining reaction on t.l.c.

[Section.A , and the aldehvie epoxide (160) (81 mg.), m.p. 105-

107O (after repeated crystallisation from methanol) (Fouﬁd:

C, 79:7; H, 10-05. 020H5002 requires C, 79-4; H, 10:0%);
(iii) a fraction containing erythroxylol A acetate epoxide (120)
(30 mg.), mep. 143-145° (from methanol); (iv) a mixture which, .
after further preparatiVe teloCo [ethfl acetate-light petroleum
(1:1)] on silver nitrate~impregnated silica, yielded 4J3~hydroxy—
18-norhivaere (121) (76 ng.), m.p. 114-116° (from light petroleum);

and (v) a fraction containing only 4p ~hvdroxy 7-18-rorhibaene

epoxide (161) (30 mg.), m.p. 1356-138° (rods from liszht petroleum
0 m ; . T T ) A1 e
bep. 60-80") (Found: C, 78:75; H, 10-55. 019h3002 requires
C, 78+55; H, 10+4%).
The results cal culated for 1 x 10 3 las erythroxylol A~

concumed are suowm in Table II



Oxidation of

(i) The aldehyde (154) (40 mz,) in

O-J
ey
l meed
o]
]
O
=
o
I !
—~
l
S~
-
o

treated with m—chloroperbanzoic acid (4% mg.) in chloroform (3 ml.
') (&3 P

o

at room tempersture for 30 min. Filtration of the mixture throuzh

a.short colurm of alumina (Woelm, basic, zrade 2, 5 z.) and elution

N

. . . . \
ve the aldehyde epoxide (160) (83 mg.),

peys)
v

with chloroform (50 ml,)

o]

..',"
i

I‘.’i‘. p * 104""107

"!

(from methanol), having identical i.T., NemeTey TaDe

and t.l.c. mobility to the epoxide obtained from the oxidation of
erythroxylel A,

(ii) The alconol (121) (20 mz.) in chloroform (2 ml,) was
treated with n-chloroperbenzoic acid (25 mg.) in chloroform (2 ml.)
" at room temperature for 20 min. Work up as above y 1ded

o) O] 7 ze o ¢
4 B ~hydroxy-18-norhibaene epoxide (161) (15 mz.), mep. 135-138
o . . oy . . Lo )
(from light petroleum b,p. 60-80° ) identical (i.r., n.mer., M.D.

and t,l.c. mobility) to %he alcohol epoxide obtained from the

oxidation of eryturol 101 A,

Treatnent of Aldehvde (154) with CrO3 in acueous Acetic Acid.

The aldehyde (154) (20 mg.) ovtazined afier sublimation to

l_l

renove decomposition nroauc+s wag dissclved in aqueous acetic acid
(1 ml.) and treated with the stock solution of'CrO3 (2 ml,) at
room temperature for 1 hr. Vork up as in the oxidation of
rythroxylol A yielded an oil (15 mg.) which was shown to consist
[solely by teolec., ethyl acetate—light.petroleum (1:19)]
predominantly of recovared aldenyde althouzh several othe: products
one of the clezvage products

of low mobility were also present I

could be identified as Uveing present.

rd o1 5-norhibaene (121




N TE Tutions of eprih—o-< a2 {29 :
Spnrene solunicns of eryinroxylol A (290 nz eacg)

KR - SLs e (> A - L1
the stocl solution of Cr0. (2, 4 and 3 ul, resnectivel ). After
stending at room terperature for 1 hr., the s eparate reaction

mixtures were woxrled up to gzive oils (274, 270 and 232 ms,

respeciively). Subse qgenu chromatography over aluming (”oawn

fo)

neutral, grade 3, 30

C

.) of the separate reaction mixtures end

further purification by t.l.c. yielded: erythroxylol A aceiate

C‘I"

(159) (15, 6 and trace mz. respectively), erythroxylol A aceta
epoxide (120) (2.5, trace 2nd C mg. respectively), the nor-olefin
mixzture (150-152) (4, 5 and 3 mg. wespectively), and 4B -hydrosy-
18-norhibaene (121) (15, 17 and 20 mg, respectively).

: -3

mhe results calculated for 1 x 10 7 moles erythroxylol A
consumed are given in Table I.

Conversion of the Aldeh
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(i) The aldehyde (1
added to methylmaznesium iodide |orepared from magnesium (20 nz.)

end methyl iodide (0+5 ml,)| in ether (7 ml.) and the mixture

—t

1

képt at reflux for 30 min. The mixture was worked up with dilut
sulphuric acid and extracted_with etner. The exi*aczs were washed
with water, dried and evaporated to give en 0il which, after
preparativé telece [eiQVI acetate-1
the methyl carbinol (155) (180 MN5e )s Tele 20-57° (zods from methenol).

(i1) The aldetyde (154) (370 mg.) in dry ether (20 ml.) wes




)

added +to et ‘V:}Lm nesium 1

N AT e - . o " R
and ethyl bromide (15 ﬁl ﬂ in ether {20 nl,) end the nixture
kept at reflux for 30 min, Werls up as above and prencrativ
t.l.cC. [ tlyl acetate-light zetroleum (1:6 ] aiforded the ethyl

carbinol (162) (38

(50 mg.) and bromobenzene (2 ml. )] in ether (15 ml.) and the

mixture kept at reflux For 30 nin, Work up as above and
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preparative t.l.C. [eu:yl acetate~-light
the vhenyl carbinol (163) (223 =g.), m.p. 140-1720 (prisms fronm

methanol).

room temperature for 1 hr. Fethanol (5 ml,) was then added to
the reaction mixture and after 5 min. the bulk of the solvent was
“removed under reduced pressure. The residue was neutralised
’with aqueous sodium bicarbonate and extracted with ethyl acstate.

-

The extracts were washed with water, dried and evaporated to give

ct

|_1

igh

v:l-

a solid (167 mg.). Preperative t.l.c. [eth~1 acetate-
petrolenm (1: 5)] of the product mixture gave in order of decreasing

mobility: (i) a hydrocarbon f*achlon (3-8 mg. ) containing a

identical (i.re, Zelec.

~

|

mixture of the isomeric dienes (150-152

and t.l.c. on silver nitrate-impregnated silica) %o
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previously isolated; (ii) the rejor product, the mathyl ketone

(153) (117 ng., 71%), n.p. 67-69°

Fa

005 mn.) identical to that previouzly isolaeted [Sectionlg ;

(1 ) a mixture ( 7 mg.) containing recovered methyl carbinol
(155) with traces of 4o ~hydroxy~18-riorhibaene (119), the latter
being identified solely by t.l.c.; iv) the methyl ketone

epoxide (156) (10 mg.), mep. 150-152° (from 1lizht petroleun),

and (v)

e

identical to that previously isolated [ ction AJ
4 B -hydroxy-18-norhibaene (121) (6 mg.).

The results calculated for 1 x 10'~3 moles meihyl carbinol
consumed are shown in Table IT. |

Oxidation of the Ethvl Carbinol (1862).

(i) The ethyl carbinol (162) (18f nmg.) in aqueous acetic
acid (7 ml.) was treated with the stoek solution of chromium
trioxide (1- 8 ml, ) at room tenmperature for 1 hr., Vork up as
for the methyl carbinol gave an oil (174 mg.). Preparative
t;l.c. [etnjl acetate-light petroleun (1 .5)] of the product
mixture yielded in order of decreasing mobilitys: (i) a hydro-
caibon fraction (2 ng. ) containing a mixture of the isomeric
dieﬁes (150-152) identical (i.7., tulece, z.1.c.) to those

solated from the erythroxylol A oxidation,. The mixed hydro-
carbons, after sublimation at 70—730/0-03’mm., show in the mass

spectrum a’parent ion (M) at m/e 254 ( B ) as wz2ll as an

peak at m/e 258; (ii) the major product, the gihyl ketone (164)
(205 mg., 65-755), m.p. 38-41 ° (after sublimation at 70-T75 ©/6:03 )



(Pound: ©C, 84.3; F, 1C.9, C22£540 reguires C, 84-0; H, 10;9ﬁ);
(iii) recovered ethyl cervinol (162) (22 nz.); (i) 2 mixture
which, after further prepurative t.l.c. [eﬁhvl acetate-light
ver“ﬁlLuL,(1:5)] vielded a further guanbtity of the ethyl carbinol
(3 mg.) and the ethyl ketone epoxide (365) (9 nz.), mep. 133-136°
(after sublimation at 1400/0-0R mae) (¥, 330, C,,H,,0 Teﬂuifes

M, 330: from mass spectrometry); and (v) 4 4B ~hydroxy-18-norhibasne

N
(ii) Repeat.  The ethyl carbinol (108 mg.) in agueovs acetic
acid (2+4 ml,) was trested with the stock solution of CrO5 141 wl,)

as above, Work up ¢ nd separa
carbon mixture;(l'5 ng.); (ii) the ethyl ketone (67 mz., T7%);
(iii’ recovered ethyl carbinol (21 mg.); (iv; the ethyl ketone
epoxide (9 mz.); (v) 4 B =hydroxy--18-nornibasene (3 mg. ).

The results calculsted for 1 x 107~ moles of ethyl carbinol

consumed are shown in Table II.

Oxidation of the Phenyl Carbinol (143).

(i) The phenyl carbinol (163) (179 mg.) in aqueous acebic aci

o,

(7 ml.) was treated with the stock solution of CrOB (1-6 =l.) at
room temperature for 1°5 hr, Work up as for the methyl carbinol

yielded a solid product mixture (179 mz.) which was separated by
preparative t.l.c. [ethVL acetate-light petroleum (1:19)]. This
afforded the following fractions in order of decreasing mobility:
(i) a2 pixture of hydrocarbons (4 mg.) identicel with those previously

‘isolated; (ii) the phenyl ketone (166) (107 wug., 725), m.p. 155-156¢
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3

s%ectrometry); and (v) a mixvture from which 4B ~hyiroxy-18-norhibasne
(121) (2.5 mz. ) was isolated after further preparative t.l.c.
[ethyl acetate-lizht petroleun (1:5,].

e\ - g o . . - .
(ii) Repeat. The phenyl carbinol (184 rz.) in aguecdus acetic

-

acid ( 6 ml,) was treated with the stock solution of CrO3 (2+7 mi,)
as above., Work up and separation as above zave: (i) the hydro-
carbon mixture (2 mg.); (ii) the phenyl ketore (116 meg.); (iii)
recovered phenyl carbinol (21 mz.); (iv) the phenyl ketone epoxide
(12 mg.); and (v) the nor-alcohol (121) (2 mg.).

The results calculated for 1 x 10—3 moles phenyl carbinol

consumed are shown in Teble II,

Oxidation of Eryvthroxrlol A Kroxide (124).

‘ (i) Erythroxylol A epoxide (124) (1'46 g.) in aqueous acetic
acid (23 ml.) was treated with the stock solution of CrOy (154 nl.)
at room temperature for 1 hr.  Ifethenol (20 ml,) was then a2dded to
the reaction mixture. After 5 minutes the bulk of the solvent was
renoved under reducéd'pressure and the residue neutralised with
aqueous sodium picarbonate. The mixture was extradted with ethyl
acetate, and the extracts washed with water, dried and evaporated

1

to give an oil (1-36 ge)e The crude product was chromatograrhed

over alumina (Herck, grade H, 60 g.) in light petroleum.
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24, 26, 27 and 15 min. zespectively)}, This mixture {Found:
RS - Ay 4 ~ . . =

C, 83-£7; H, 10-4, 1ﬂu9\0 reguires C, 83+75; %, 10-3%0),

a 'parent! ion () at nfe 272 (019-‘,\@% as well as &n M2 paak

at m/e 274, Subsequent elution of the resctisn mixiure wiith
ether-light petroleum (1:4) save the aldehyde epoxide (180)

sn o aa
identienl

("168 e 54'7':‘)3 HeDoe

lated previously. Elution

O

(iere, tolec., m,p.) with that is
with ether-light petroleum (1:1) save a series of fractions

could be further separated by

8
O

containinsg mixtures wh

oy

prepa.ra‘cive TelaCe [e"c‘n;;:l acetate~lizht petroleun ( 2:3)] « These

. -

nixtures yielded the following in order of decreasing mobility:

o

(i) a rearranged nor-zlcchol epoxide, tentatively formulated &
o o) . ~ . .

(171) (10 mz.), m.p. 156:5-158° (prisms from ether-light pe troleun)
(u, 230. 0. requires N, 230: from m2ss spectrometry);

%19%30°2

(ii) 4 ~nyiroxy-18-norhibaene enoride (170) (25 m3.), D

-

112-114° (after swblimation et 115-120°/0+04 ma.) (Found: C, 78+3;
E, 10435, C, 7,0, requires C, 78:55; H, 10.458), This conpound
had identical i.r. and t.1l.c. mobility as the product obtainsd

hydroxy-18=nozhibaene with m-chloroperbanzole
o

from the treatment of 4K -l

RS s
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4
mepe 1%6-138

MeDey Telecs) to that obtained from the coxidation of erythroxylol

A;  and (iv) recovered erythroxylol A PDOXlue (29 ng.).

(ii) Repeat., EBrythroxylol & epoxide (1453 z.) in agqueous

acetic acid (25 ml.) was treated with the stock solution of Cr0

]
(16:5 m1.) es above. Work up gave an oil (1432 z.) vhich after
separation as above, gave the follovlnm fractions: (i) the
mirture of nor-olelin epoxides (169) (64 mz.); (ii) the zldehyde

3 A 4 Yelrd~ - FEAY P a .

epoxice (160) (8675 nz., 459%); (iii) the rearrsnged nor-zlcohol
epoxide (171) (7 nze); (iv) the 4 <hydroxy-18-norhibaene
epoxide (170) (15 ng. ), (v) the 4p ~hydroxy-18-norhibaene
epoxide (161) (91 mg.); end (vi) recovered erythroxylol A
epoxide (35 ng.).

The results calculated for 1 x 10“3 moles erythroxylol A

epoxide concur”ﬂ are shown in Table IT.

Oxidation of Aek -Eydroxy~l8-norhivaene (119).

The alconol (119) (7 mz.) in chloroform (1 ml. ) was treated
with m-chloropervenzoic acid (12 mg.) in chloroform (1 ml.) at
roon temperature for 20 min. Work up as before yielded

o . . o
4K ~hydiroxy-18-norhibaene epoxide (170) (7 mg.), tope 111114
. . . o | -
(after sublimetion at 115-120°/0+05 mm. ).

Attempted Dehvdration of the Rearransed Ior-alcchol (171).

e nor-zlcohol (171) (j ng. ) in pyridine (1‘5 nl, ) nmnder

trosted with redistilled phosphoryl chloride (0+3 ml.)




for 3 hr, The mixturs was poured on to ice, extracted with
ether, erd the extracts washed with wmier 2nd dried, Zveporation
of the solvent gave an o0il which was shown by enelytical t.l.c.
[ethyl acetate-li ht petroleun (lz;ﬂ t0 conzist of ssveral
compounds, each more polar then the startinz z2lcohol.

Oxication of Dihvdroervihroxylol 4 (1£48), ’ ;

(1) Dihydroerythroxylol 4 (168) (243 nz.) in aqueous scetic
acid (7 =1,) was treated with the stock solution of CrO3 (2{8 ml,)
at room temperature for 1 hr. Iethanol was then added and after
5 min, the bulk of the solvent removed under reduced pres ure;
The residue was neutrazlised with aqueous sodium bicarbonate
‘ 7. .

solution, extracted with ethyl acetate =2nd the extracts washed

"with water, dried and evaporated. The o0il (236 ng.) so obtained

L]
=t
L ]
(¢}
(]
<l

wvas separated by preparative T
(1:0)] vnicn resulted in the isolation of the following iﬁ order
of decreasing mobility: (i) a mixture of nor-hydrocarbons (21 ng
presumably containing the mixture of nor-olefins (176) but which
only shows two major peaks (c. 1: 1) on analytical g.l.c.

(2-5% s 30, 200° , 16 lb./in. nitrogen, 10 and 11 min. resjpective
This mixture (uLue” sublimation at 70-75°/0-02 mn.) shows the

expected iorn at m/e 258-(C1AH50) and a nore in%tense peak at m/e
- L

260 (342); (ii) the eldehyde (173) (33 mz.), wm.p. 69-T1+5° (after

I I Oy 28 O N
sublimation at 55-60°/0-02 mn,) (3it.“” m.p. 66=70"). The more
polar material was treated with diazomethane and subjscted to

further preperative t.l.cC. [atqu acetete-light petroleum (1 9)]

;s

).



wom nycrozenation of Ao -hydr

P‘\

18-norhibzene (119); and (iii 4 B ~hyiroxy=-18=norhnibone (175)

- - 0 . .
(52 mg.), MmeDe 121-123¢5° (needles from lizh% p petroleum, B, Pe

0\ P ] o o~ LI ) s o i .
60-80 (Found: C, 82-4; E, 11¢65)), which was identical (.,

.

MePey NelaTe, tol,c.) to the product obtained from hydrogenation
of 4P ~hydroxy-18~norhibaens (121 .
(i1) Dihyd 1ol 4 (168) (261 ng.) in aq aceti
ihydroerythroxylol A (168) (261 mg.) in aqaeous acetic

acid (7 nl.) was allowed to stand vnder a current of ﬁlbro"en for

30 mnin,  The stock solution of Cr0 (5 ml.) was then added drop-

i

wise over a period of 30 min, and the reaction allowed to stand

at room temperature for a further 30 min.»(the reaction being

1

carried out under nitrogen). Vork up as above yielded an oil
(231 mg.) which after the isolation steps listed above yielded:

(i) a hydrocarbon fraction (12 mg.) which showed only one pesk on

. s - o) - . 2 3 3 .
enalytical s.l.c. (2-5% SE 30, 2007, 16 1v./in,“ nitrogen, 11 min.).

This presumzbly contains the isomeric olefinic h LOC&fOOﬁQ (176)

since the i,r. spectrum shows absorption bands at 1647 and 889 cn.

and the mass spectrum of the presumed nmixture shows g peak atl m/e

4

the saturated

1

) out the }+2 peak is absent; (ii)

e

258 (0193%0

aTQe’yae (173) (86 mg.); (iii) isostevic a01d ethyl ester (172)
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N

nze); (iv) Aok ~ydror~13-novhibane (174) (6

o
(V)

(3]

(v) AP ~pydromy-13~noxhitene (175) (38 mz. ).
The results celeulated for 1 x 10

2 P 3 " f o et T

A consumed are shovn in Table 171,

Hydrozenation of the nimeric lor-alcohols (119) and (121).

5

(i) 4 ~hydroxy=-18-norhibzene (119) (4 mz.) in ethyl acetate

(3 ml.) was hydrozenabed over 107 palladium~charcozl (4 mg.) for
15 ni The cetalyst was renoved by filtration, washed with

o

ethyl acetate and the solvent evaporasted to give 4dk ~hydroxy-15-

norhibane (174) (4 nz.).

T

(ii) 4B-wwmloxy-18—norhibaene (121) ( 25 ng,) in ethyl

acetate (5 ml.) was hydrogenated over 167 palladium-charcoal

<

(20 ng,) for 15 min. Woxk up as before gave 4P -hydroxy-18- .
o (. e

nornibane (175) (26 mz.), m.p. 120-122° (from light petroleum).

Oxidation of O-Metnylpodocarpinol (177).

(1) O-liethylpodocarpinol (177) (673 mg.) in agueous acetic
acid (20 ml.) was treated with the stock solution of C*O (8¢5 ml.)
at room temperature for 2 hr, The reaction mixture was kept for
a greater length of time at rcom temperature since the system_was’

1

heterozeneous., HMethanol (5 ml.) was then added end after 5 min.
the pulk of the solvent removed under reduced pressure. The
residue worked up as before with aqueous sodium bicarvonate,

washed with weter, dried and evaporated to zive an oil (587 mg.).

crade H, 90 g.) in

=3
oy
j N
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light patroleun. Tution with that solvent gave 2 non-polar
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raction (3 mg.) which rrobably contains the mixed nor-compounds

(180). Thic Iraction,

., 30
(1it.”” vep. 100 0-102 ©/0:2 1. ), shows two pezis (o £:1) on

. RETITIN . A ol e - - ~0 - . . 2 .
analytical g.l.c. (2-5% SE 30, 2207, 16 1b./in.c nitrogen, 13
and 14 min, vespectively) end =z peak in the mass specirun at

m/e 242 (017 290), the pesk at I42 being absent, Blution with
ether-light petrolewa (1: 4) yzave the aldehyde (178) (456 mz. ),
MePe 155—1350 (rods from lisht vetrolewn) (1it.42 m.p;'15§—1550).
Subsequent elution with ethyl acetate

wnich was acetylated with anetlc annydride and pyridine to

0

facilitate its separation., TFreparvative t.

the acetylated material save the followi in order of decreasing

b

07\
=
1

Vs . . )
mobility: (i) O-methylpodocarpinol acetate (119 mz.), m.p. 75-76

(plates from methanol); (ii) the aldehvdo-katone (179) (17 mz.),

1
97-99° (after sublimation at 105-110°/0¢02 mm,) (11, 285,
018H2205 requires M, 286); and (iii) 4 -hydroxy-12-methoxy-15-
norpodocarpane (181) (6 mg.), b.p. 85-88°/0:03 mm, (lit. o MaDe

N

107-109 ) showing a psrent ion in the mess spectrum at m/e 260
(017H2402).

(ii) Repeat. O-iethylpodocarpinol (3177) (539 mz.) in aqueous
acetic acid (20 ml.) was treated with the stock solution of CrO5
(7 ml,) at room temperature for 2 hr. Werl: up and separation as
above gave: (i) the nor-compound 180)
(178) (241 mg.); (iii) the eldehydo-ietons (17S

(iv) O-netnylpodocarpinol acetzte (96 mg.); and (v) 4 —nydroxy-



i
13
(o]
ft

i

ethoxy-15-~noxpciocarpans (121) (3 mz.)

%A

The results caleulated for 1 x 1077 moles O nylpodoca~vinol

4]

consvmed are shown in Tsble 1T,

Attermted Synthesis of 158 ~1z3

(i) 15-Keto-18-acetoxyhivane

.

was added to methylne.mesium iodide

and methyl iodide (50 mg.)] in ether (10 nl,) and the mixture kept
at reflux for 1 hr, Work up es before and preparative t.l.c.

[ethyl acetate~-light petroleum (W'A)] gave 15-keto-18-hydroxyhibane

(139) (10 mg.), mep. 141-

ar

s
RN
AN

-
u

identical with that previously isoleted [Se;*ion A].

(ii) 15-Keto-l8-acetoxyhivene (144) (15 mg.) in dfy ether
(1 m1.) was added to methyl lithium [prep red from lithium (20 mg.)
and methyl iodide (250 mg.)] in ether (5 ml.) and the mixture kept

at reflux for 4 hr. The reaction mixture was worked up with a

[

saturated solution of armonium chloride, exiracted with ether,

and the extracts washed with water, dried and evaporated., The
solid residue (10 mg,) was shown by analytical t.l.c.'[ethyl

acetate~ 11ﬂnt potroleum (1: ))] to consist entirely of recovered

keto—acetate (144).
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SECTION C.

» Tosect Hlagqs‘timﬁlvant‘é.; ‘




Steam Volatile Constituents

of

‘Solanum'campyiacanthum.




3 R=H, Ry=Ac
4 Ry=Rp=Ac
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It has Yeen recogniszed that certain species of insect will
attack one plant or family of plants in preference to othersl.
One outstanding example of this is the Colorado beetle and the

disastrous effect it has on the potato plant, Solanum tuberosum,

but research work with such an insect is handicapped by the
severe restrictions placed on its use. The coccinellid genus,
Epilachna, which are known2 to feed either on the Solanaceae or
Cucurbitaceae, have also been shown, by hostplant records, to
feed predominantly on plants of a single family.

It would appear likely that chemical factors are important
in hostplant selection, some of the constituents acting as
attractants or feeding stimulants (phagostimulants) for the
insects. Such investigations have revealed attractants such
as matatabiether’ (1) and neomatatabiolt (2) as well as phago-

5

repellents such as the mono- and diacetates of shiromod1016
(3) and (4). Stridez, studying the behaviour of the beetle

Epilachna fulvosignata on the solanaceous plant Solanun

campylacanthum, has concluded that the leaves of this plant

must contain a phagostimulant since the larvae feed on this

species preferentially.

By steam distillation of fresh leaves of S.‘campylaoahthum,
Stride isolated a volatile, pleasant smelling, ysllow oil, which,
when impregnated on agar jelly, stimulated the Epilachna to feed.
This 0il, containing his 'steam volatile factor‘z, is the subject

of the following discuséion. Initial qualitative g.l.c. studies
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on the crude oil at Makerere University, Kampala, led to the

7

conclusion' that the mixture contained up to 95% of a single
compound. Later evidencea, including te.l.c. and g.l.c.
studies, did not concur with these results and suggested that
the mixture contained several compounds which were probably
very closely ielated chemically,

The crude oil can be partially resolved by t.l.c. into

three fractions A, B and C (Fig, 1). It was found! that’

ETHER : LIGH? PETROLEUM (1:3)

,7\
)
iy

Zz !

"

"

i

e

, “ A

R

i ,

Stains only with 5 «—1 Stains only

l

Q

. o with iodine
ceric reagent — . ’ ,

Crude Solanum 0il

Figo 1. .
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fraction B showed variable activity whereas fraction C always
showed phagostimulani propsrties. Stride in some preliminary
work came to the ccnclusion7 that C was the major compound,
B was probably one compound while A, which stains with difficulty,
was a mixture of at least two compounds. It was therefore
decided that research should be directed mainly towards thé
fractions B and C.

Our studies have been hampéred 5y the pronounced volétility
of the compounds involved, which eveﬁ made staining on t.l.c.
difficult. The t.l.c. plates had to be developed with iodine
vapour, then before the spots faded, the plates sprayed with a
solution of ceric ammonium sulphate (1%) in 4N'sulphuric acid
followed by rapid heating to 1300 in an oven then kept at that
temperature for four to five minutes. Iodine alone gives only
a transient picture whereas ceric ammonium sulphate alone is
unsatisfactory since the compounds evaporate before oxidation
occurs., By use of this staining technigue, it could be seen
that fraction B consisted of two overlapping spots, the more
mobile of which stains only with iodine whereas the less mobile
stains only after treatment with the ceric reagent. In addition,
fraction C was shown to stain more héavily at the head of the |
spot suggesting that at least two compounds were also present
in this fraction. _

Numerous attempts at fractionation of the crude oil were

made before a suitable procedure for rough separation and recovery
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was found. A convenient separation could be made as follows.
The crude oil (approx. 150 mg.) was divided into two portions
and subjected tc preparative t;l.c. [ether-light petroleum (1:4)]
on two chromatoplates. In this way overloading was reduced
and a better separation of fractions A, B and C (Fig. l)
resulted. The complete extraction of the silica and then
efficient removal of the solvent presented a problem. The
material could be extracted by allowing ether (7 to 10 poréions
of 5 ml. each) to percolate through the silica until the
characteristic odour of the material was no ionger detectable
on the silica. The solution so obtained (c. 50 ml.) was
carefully'concentrated to around 5 ml. Complete evaporation
of the solvent by mild heating resulted in the loss of material
by co-distillation and hence recovery of only a few milligrams
from all three fractions.

Although the amount of recovered material was insufficient
for n.m,r. spectrometrye, the i.r. (0014) suggested that
hydroxylic compounds were present in fractions B and C, and the
u,v. spectra, showing only end absorption, suggested that non-
conjugated double bonds were probably present in both these
fractions.

The difficulty of recovering the material from siliéa was
overcome by the use of a micro Soxhlet apparatus (B1lOand B7)
such that the volume of extracting solvent could be kept to a

minimm (approx. 2 ml.). Concentration of the material could
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therefore be effected by very mild warming in a water bath. It
was also found that the most convenient method of storing the
material was adsorbed on to silica from which it could be recovered
when required. If stored as an oil, the material tends to
'evaporate' and condense round the stoppers of the containers.

The crude oil was examined by analytical g.l.c. on a non-
polar column whéreby the components should be resolved by boiling -
point, From the trace obtained'(l% S5E 30, 10 min. at’500'£hen
programmed at 3°/min. to 250°, 15 lb./in.2 nitrogeg) it was seen
that approximately 70% of the material had been eluted from the
column after only 5 minutes, the remaining material bleeding from
the column over a period of 50 minutes. The resolution of the
0il into its components by use of this column was very‘poof;
Analysis of the crude oil using a non-polar 1:5% QF 1 columnr
gave no resolution since the trace obtained consisted‘only of
one very broad asymmetric band., Examination Qf the crude oil
by analytical g.l.c. én a polar column should resuit in resolutioﬁ'
of the 0il by polarity as well as boiling point. In this case
(8% Carbowax, 20 min. at 65° then programmed at 4°/min. to 160°,
15 1b./in.2 nitrogen) the material was eluted from the column
over a period of 1 hour and resulted in a much higher degree of
separation than was found on the non-polar phases. A typical
trace of the crude oil (using 8% Carbowax) is shown in Fig. 2.

From these g.l.c. analyses, it is possible to diaw the

following conclusions: (i) Since the retention time of the bulk
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of the material is greater on the polar phase, thié suggests

that the méterial contains polar groupings; (ii) From the
exanination of several semples of crude oil on the polar phase,
it could be seen that these varied in composition. Whether
this reflects the different seasons at which the leaves were
gathered, or is a function of loss of material during the éteam
distillation, is not known. However, in each sample of oil,
four major bands can be observed, viz. 1, 2, 3 and 4, althsugh'
peak 2 is frequehtly the major pesk (cf. Fig. 2), It was also
observed that after standing for 24 hours at O°, some of the
peaks with retention times less than that of peak 1 had decreased
in magnitude, suggesting that these constituents of the crude oil
a&e extremely volatile.

Preparative g.l.c. separation of the crude oil (c. 100 mg,)
was attempted using a non-polar colum (5% CE 301, 15 ft., |
programmed at Go/min. from 50o to 2500) in the hope that the low
boiling material might be obtained separately from the higher
boiling fraction. Three fractions were obtained which were
examined by analytical g.l.c. (8% Carbowax) and t.l.c. This
showed that no advantageoué separation had been obtained since
all three fractions were still complex and contained material
attributed to fraction C.

After thé above preliminary studies, the o0il was eventually
resolved in the following way. The crude oil (e. 150 mg.),
sent from Uganda in sealed phials, was split into two parts.

One fraction (approx. 10 mg. ) was kept for g.l.c. puposes in a
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sealed flask at 0° while the remainder was placed on two
preparative t.l.c. plates and eluted with ether-light petroleum
(3:7). The plates were divided into three regions containing
4, B and C (PFig. 1) and the material stored on the silica until
required. Separate elution of small portions of silica containing
B and C with the micro Soxhlet apparatus geve small solution
samples of these two fractions, Ge.l.c. analysis of fraction B
showed two major peaks as anticipated from t.,l.c. Mixed é.l.c.
of B with the crude oil identified the constituents of B ag
peaks 4 and 5 (Fig., 2) having retention indices’ (r.i.) 1405
and 1500 respectively, G.l.c. analysis of fraction C showed
three major peaks which on mixed g.l.c. with the crude oil
identified these as peaks 1, 2, and 3 (Fig. 2) having retention .
indices of 1312, 1343 and 1360 respectively (on the 8% Carbowax
colum). |

The i.r. evidence suggesting the presence of hydroxylic
compounds in C supported earlier esterification experimen‘cs8 on
band C with bromobenzene-p-sulphonyl chloride and toluene-p-
sulphonyl chloride; These experiments provided evidences that
C’contained more than one compound but, as the former reagent gave
rise to two overlapping spots on t.l.c. and the latter reagent
gave rise to an unstable ester or esters, no separation was
attempted. In an effort to obtain stable esters which could be-
less volatile and more readily separated, C was treated with
3,5-dinitrobenzenesulphonyl chloride. 3,5-Dinitrobehzenesulphonyl

chloride (11 mg.) in pyridine (1 ml.) was added to fraction C
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adsorbed on silica, The reaction mixture was allowed to stand
at room temperature for two days, then added to crushed ice,
extracted with ether, dried and evaporated. Anaiytical t.lec.
[ether—light petroleum (l:Bﬁ showed that one or more mobile
cqmpounds had been formed although some unreacted starting
material was still present. Preparative t.l.c. [ether—light
petroleum (1:6)} of this mixture gave a fraction presumably
containing the ester or esters. | Analytical t.l.c. of this
fraction, after extraction with ether, showed two overlapping
spots were present, together with at least four more polar
conpounds, suggesting that decomposition was again occurring.
Examination of fraction B by t.l.c. [ether—light petroleun
(3:25] on silver nitrate-impregnated silica showed that no
additional separation could be effected in this manner. However,
a similar examination of fraction C showed two well resolved
spots after staining in the manner previously described. Elution
of the remainder of C from silica and preparative t.l.c. [etherQ
light petroleum (7:3)} on silver nitrate-impregnated silica
reéulted in thé isolation of two fractions. The less polar
of these was shown by g.l.c. to contain the two compounds having
r.i. 1312 and 1360 (peaké 1 and 3, Fig. 2) whereas the more polar
coﬁtained only one compound having an index of 1343 (peak 2, Fig.2).
Theée two fractionsiconstituting ¢ (Fig. l).were submitted for
analysis by‘combined gas chromatography-mass spectrometry (70 eV.,

Q . et
5¢ Carbowax, isothermal 85°)., This showed that compound 1 (Fig. 2,
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Significan% peaks at n/e 84, 69, 55y 43, 42 and 41, whose intensities
vere similarto those quoﬁed?o for n-hezanol. Thus this alcohol

doeé not shov a significant perent ion (M, 102) but only a peak
corresponding to the loss of water (1-18, m/e 84). In the mass
spectrum, compound 3 (Fig. 2, r.i. 1360) shows a base peak at m/e'
57, a small parent ion (M, 100), and significant peaks at 82 (11-18),

67, 44, 43, 41 and 39, whose intensities are similar to those shown>>

for cis-hex-2-en-l-ol. Compound 2 (Fig. 2, r.i. 1343) shows a base
peak a2t m/e 41 in the mass spectrum, a small parent ion (M, 100),
and significant peaks at 82 (1-18), 69, 67, 55, 42 and 39, whose

intensities resemble those shownll for cis-hex-3%-en-l-ol.

It is therefore likely that compounds 1, 2 and 3 are n-hexanol,
cis~hex-3-en-l-0l and cis-hex-2-en-l-ol resPectively and would not
be unexpected since C-6 alcohols seem to‘occur naturally in a wide
variety of plant systemslz. Additional support for the assigmments |
made to compounds 1 and 2 came from mixed g.l.c. analysis on two
colums (8% Carbowax, 70°, 16 lb./in.2 nitrogen, and 20% Cyano P,
650, 13 lb./in.2 nitrogen) with authentic éamples of n-hexancl and
cis-hex~3~en~l~ol. Suppo:t for the assignment of structure to
compound 3 was derived from mixed g.l.c. analysis (8% Carbowax,
70°, 16 1b./in.2 nitrogen) with the product derived from sodium
borohydride reduction of authentic hex-2=-en~l-al. The identity
of these three C-6 alcohols confirms the earlier information obtained

from n.m.r.s, i.r. and u.v. spectra of the mixture of these compounds
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which suggested both double bond and hydroxylic functions were
present.

A sample of B, containing two compounds, was also submitted
for g.c.-m.s. analysis. This showed that compound 4 (Fig. 2,
r.i. 1500) had in the mass spectrum a base peak at m/e 71, a
small parent ion at 154 (CloHiao), and other peaks at m/e 136 -
(1-18), 121 (M-18-15), 93, 80, 69, 55, 43 and 41, whose intensities
resemble those shown13 for the 70 eV, spectrum of 1inalooi. The
second constituent of fraction B (peak 5, Fig. 2, r.i. 1405) shows
a base peak at n/e 57 in the mass spectrum, and much less intense
pesks at m/e 99, 85, 72, 55, 43 and 41. This compound has not
been unambiguously identified. However, the highest mass at
mn/e 99 probably is not the parent ion but corresponds to an M-15
peak since it is an odd-number mass., If the mass is 114, this
corresponds to a molecular formula of 075140, having one double
bond equivalent. The pattern of peaks in this mass spectrum

corresponds closely to that quoted14 for heptan-3-one although

the relative peak heights vary slightly, but this may only be due
to differences in inlet temperatures in the mass spectrometers.
Mixed g.l.c. analysis (8% Carbowax, 80°, 16 1b./in.2 nitrogen)

with an authentic samﬁle of heptan-2-one shows that compound 5

has a retention time only fractionally longer than that of
heptan-2-one, only one asymmetric peak being observed. Thus it

is concluded that compound 5 is a C-7 ketone, probably heptan-3-one.

Preparétive t.lecCe [elution thrice in ether-light petroleum
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(1:4)] of the bulk cﬁ"fraction B resulted in the partial separabion
of the two compounds. The heed of the less polar band was shown
to contain only one compound by g.l.c. (r.i. 1500) whereas the

more polar band showad both components (8% Carbowex). Elution

qf the material from the head of the more mobile band using the
micro Soxhlet apparaius and evaporation of the solvent yielded a
small amount of a yellow oil whgse i.r. [\)max (0014) 2608 om.-l]
and n,m,r. [(0014) CE;, o, T 8-86, 8-52 and 8-42; (033)2¢=cg,
multiplet, T 5-06] spsctra were obtained. The latter spectrum

also exhibits an ABX system of the type szCH2 at 'Ex 4-24

(Jnx:ls c./sec., oy 11 c./sec.), T, 4-92 (Jnx 18 c./seCey Jpg

1'5 c./sec.) and T, 5-12 (Jéx 11 c./sec., Jug 1+5 c./sec.).

These spectra are identical to those obtained from an authentie
gample of linalool. That this compound is the monoterpene
alcohol‘is further supported by mixed g.l.c. analysis on two

columns (8% Carbowax, 95°, 16 1b./in.2; 20% Cyano P, programmed

at 5°/min. from 65° to 125°, 16 lb./in.2 nitrogen) with an authentic
sample of linalool,

The composition of the crude oil, as estimated by g.lec.,
varies as follows: mn-hexanol, 14-22%; cis-hex-3-en-1-ol, 22-16%;
cis»hex-2-en-1~ol, 14-13%; 1linalool, 2-5-6<0%; heptan-3-one (?),
0-6-2.5%. Fraction A (Fig. 1) appears to contain the major part
of the remaining material. This can be subdivided into the

components which have a smaller retention time than compound 1

(c. 22%) and those with a greater retention time than compound 3
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(e. 17%).  Fraction A is therefore much more complex (Fig, 3)
than either of the fractions B or C and will require further
separation before any useful results can be obtained for
identification of the components.

Fraction A has, however, been subjected to analysis by g.l.c.
(8% Carbowax, 16 min. at 65° then prograrmed at 4°/min. %o 160°,
16 lb./in.2 nitrogen) and combined g.c.-m.s. (5% Carbowax,
10 min. at 65° then programmed at 4°/min. to 150°). Many of
the masg spectra obtained in this fashion are complex because .
of overlap of the chromatographic peaks, From these examinations
the following conclusions can be drawn: (i) Compound 6 (Fig. 2
and 3, r.i. 1163) probably has a mass of 100 corresponding to a
moleculzr formula of 06H120. It shows no molecular ion but
exhibits an M-15 peak at m/e 85 and further major peaks at 71,
5T, 45, 43, 41, 31 abd 29. It shows no evidence of loss of water
(1-18, m/e 82) and is therefore assumed to contain a carbonyl
function. It is probable that it is ﬁot n-hexanal since the
bagse peak in this mass spectruml5 is 44. This has been confirmed
by mixed g.l.c. analysis with the products derived from partial
oxidation of n~hexancl with Jones reagenf. The peak (r.i. 1140),
assumed to be n-hexanal, has a shorter retention time than the
€-6 compound in fraction A; (ii) Compound 7 (Fig. 2 and 3, T.i.
1200) has a mass of 98 corresponding to a molecular formula of
C6H100, necessitating two double bond egquivalents., It shoys a

molecular ion at m/e 98, an M-15 icn at 8% but no ion corresponding
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to the loss of water, and significant peaks at 69, 57, 55, 43, 42,
41, 39 and 29, The mass spectrum is unlike cyclohexanone (base
peak 5514) and is probably an uwnsaturated C-6 carbonyl compound.
Mixed g.l.c. analysis with an authentic sample of hex-2-en-l-al
(8% Carbowaz, 40°) shows the two peaks (z.i. 1200) to coincide.

Thus compound 7 may be the unsaturated aldehyde hex»2—en~l~al;-

(iii) Compounds 8 and 9 (Fig. 2 and 3) are presumably isomers

since they give rise to almost identical mass spectra having the .
base peak at m/e 138 and having other significent peaks at 123,

109, 96, 82, 55, 4% and 41, = If the masses of these compounds

are 138, this could correspond to a molecular formula of 010318‘

The retention time, however, is too long for a C-10 hydrocarbon

so that it is likely that this ion corresponds té a fiagment ion
after the loss of water or an ester grouping. Thus these compounds

may well be monoterpene alcohols (C 0) or esters derived from

10720
them. The mass spectra obtained from compounds with retention

times greater than linalool show poor resolution and hence make
interpretation impossible, However, from the spectra obtained

it would seem that several of the compounds with retention indices
greater than 1500 are pairs of isomers since the parts of the

spectra which are discernible are almost identical. The constituents
of fraction A will therefore require to be further fractionated and
resubmitted to g.c.-m.s. before any useful data can be obtained

for their identificatioﬁ.

16

It is of interest to note that Watanabe has shown that both
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hex-2-en-l-al and hex-3-en=-1-0l, which occur naturally in Mulberry
leaves, zct as attractants for Silkworm larvae. n-Hexanol also
possesses some attractivity. Thus it may be that the C-6
alcohols and hex-2-en-l-al (?) shown to be present in the steam

distillate of Solenum campylacanthum, are in fact part of Stride's

'stean volatile factor' and therefore constitute some of the
attractants present in these leaves although thié will have to be
verified ex@erimentally. |

The following Table summarises the information available aﬁ

present.
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Compound Structure ﬁe;zg:icg M;i;;ﬁ%zr Mass Spectra
1 n-hexanol 1312 065140 84,69,56,55,43,
42, 41,
2 cis-hex-3-en-1-ol | 1343 CgHy 50 100,82,69,67,55,
42,41,39.
3 cis~-hex~-2-en=1-o0l 1360 CGHiZO 100,82{67,§1,44,
- 143,41,39.
4 linalool 1500 CloBe®  |154,136,121,93,
80,71,55,43,41.
5 | heptan-3-cme (?) | 1400 |C.H,0  |99,85,72,51,55,
45,41,
6 unknown 1163 CgHy 50 85,71,57545,43,
| 41,31,29. ‘
7 hex-2-en-1-al (?) 1200 CeHy 0 98,83,69,57,55,
43,42,41,39,29.
8 unknown 1440 0103200(?) 138,123,109,96,
82,55,43,41.
9 unknown 1455 01013200(?) 138,123,109,96,
82,55,45,41.
10 unknown | 1490 cloﬂléo(?) 152,137,123,109,
81,67,55,43,41,
39429,

* .
The retention indices were obtained from g.l.c. data using

standard n-C 11, 12, 13, 14 and 15 alkanes.
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